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PLrVNT AND MACHINERY. 

By W. H. Coleman, 

» Chemical Engineer, Glasgc^v, 

The year 1922 suffered from very consid(u*able industrial de})rcs8ion, 
as dicf 1921, and this is pr()hai)ly the reason why it has ])ecn a 
comparatively poor year in new' developments of chemical plant 
^nd machinery. 

The grcaCadv^lTTes made during the war years and immediaf^Jy 
af'toc J^vere, no doubt, in a large part due to the increasecj output 
chemicals and allied products wdiich was called for and the 
consequent working of all plant at its fullest caj)acity. •From this 
intensive worlaing it resulted that defects in design and construction, 
and jp adaptation to the end in view, were very fort;ibly impressed 
on both the work’s manager and the engineer as well as upon the 
owner and fostered the spirit of invention of new , and improvement 
of existing, plant, and, as there was plenty of money available, little 
hindrance was felf from this cause. 

Taking the foregoing remarks into consideration, it is not to be 
w^onddl^ed at that the past year has been so little remarkable for new 
ideas about plant. At the same time a good deal of steady progress 
has been made, especially in details. 

Perhaps the most outstanding advance during the year has been 
tlH^evelopnf^t of machinery for what may be described as ex- 
tremely fine griiHfing. The advances made in jolloid chemistry 
have focussed much attention upon the enormous inHuen??e which 
speciflfc surface has upon the properties of solids and liquids. The 
chemical and electrical methods of dispersion are not very suitable 
for large-lcale or ftianufacturin^ w^ork,» and a considerable amount 
^f attention fias Ifben devoted to effecting the disii^gration or 
dispersion of solids Hite liquids by%mechani(?al attrition, .^ong 
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P“* P“T>ose the* PTftusoB 

'"“®* investing; this machine wS«. 
tafem ni * considerable developments have IsinTO 

a Drodul./nf„T disintegrating to produce' 

mSts that tbf ultraVicLcopic 
conSmV^f.? conducted in a liqu*id IhediuL , 

liquKfthcr u«t”'^ ™i*C(^th a suitable* 

'•thTmill 1 f II 1 •"'■•“” oil-and the mixture is passed through 

The beaters are f " ™ Journal.^ 

lu. iKatcrs arc rotated at from 1000 to 3000 r r> in or,^ +l r 

z:z7X:..i‘a7,:!:rf r “‘"““'y 

«rc‘^ ~yo?rhtLS"L"„hiSt 

the above legrees of fineness are oistainabje. Both of 

cmulsifyinK'fats, oils "^ 2 «dustr 3 ^ such as 

in mo« casi ha uil“ „, 1 i“ “ ''“"!^ P''>’"“'' «»i •• it can 

6 eit us mixtures, in ^tyhich it ofcur 8 *in very small 

*V., 1922j^43ub. 
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QToportion, as for instance, smelter smoke, and tbe sulph& di&ide 
is regained by heating the^turated gel. It kas been^ applied to 
the Recovery and refining of ^petroleum oils,^, and forms a very 
efficient substratum or support for cataljrtic materials. 

Another substance which may also be referred to here is “ benton- 
ite/’ a pejjuliar kind of clay found in Wyoming and tDalifomia 
in the United States and in some parts of Canada. The special 
pijoperties '!^hkh distinguish this clay arQ, its ability ^0 absorb 
nearly three times its weight of water, and its very great adso>ptive^ 
power for colouring matters. It is this last property which is of 
interest in cherffical industry, as it has been successfully applied 
to the de-inking of newsprint. 

The utilisation of the water resources of the country h^ occupied 
the attention of the authorities for some time, and. the publication 
of the^inal Rgport of the Water Power Resources Committee^ is 
of considerable interest. It is estimated that over 200,(X)0kw. 
continuous output could be obtained at an economic rate from 
certain undeveloped resources in Great Britain, chiefly in the 
Scottish Highlands, this is equal to about 40% of the power station^ 
output of Great Britain for the year 1917-1918, and if this were 
utililed it would enable a saving of some 3,000,000 tons of coal per 
year to be made. The Committee recommends that a Water Com- 
mission should be set up to obtain further data on the question, 
and also tj) investigate the possibilities of utilising the pow^r bf 
th^ Jbides. 

» In connexion with the foregoing, the paper on the Generation of 
Steam by ‘Electricity, read at Montreal by F. T. Kaelin, chief 
engineer to •the Shawinigan Water and Power Co.,’ is of great 
inJigfesl. particulars are given of a plant in which the water itself 
formed the resistance, and it is stat^ that the manipulation of a 
properly installed system is simple and safe, that the equipment is 
inexpensive and requires very little space in comparison with its 
capacity. ' 

Practical experience had shown that an efficiency of 98% net 
could be obtained, and that 1 kw.>hour was equal to about 3*12 lb. 
of steam. The importance of these figures lies in the fact that if 
the water power of the Highlands is to be used for chemical manufac- 
tures the way is now clear in which the steam, without which ver^ 
chemicaljuidustries can be carried on, may be obtained -with a 
comparatively aimple plant, and at a reasonable outlay, without 
h^ng to carry ccfil to districts which are not*too easiTy reached 
from even the nearest coal field* 

The he&ting and cooling of all kinds of materials forms an almost 
inseparable part»of most processes of chemical industry. Up to 

* J.ri922. 63 b. 

» J., 1922, 94b, 412b. 
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recent tiltnew, whenever a temperature above 100° C. Has been 
required, Hl(;h-j)res^re steam or direct jire has been used with thu 
consequent risks ofj^explosion and ^e if the materials undergoing 
treatment were of an inflammable nature. The method which is 
taking the pla(;e of these systems is that of heating indirectly, by 
means of' an oil of high flash and boiling points. 

In the Merrill system of indirect heating a suitable petroleum, 
oil is used as the medium ; the system eonsists of a fufl^ce provided 
^with k coil in uhich the oil is heated, a pump by which the oil is. 
circulated, and a c^oil of pijie arranged in a suitable manner in the 
vessel thaj contains th(^ material to be heated. These three parts 
are connected together ]>y a juping system in which is included an 
ex])ansion‘vess(^l, open to the atmosphere, so that no geeat increase 
of pressure caiivoeeur. The furnace may, if desireil, be placed in 
another building so as to be com])letely isolated f/om th^ vessel 
which contains the material to be heated, thus avoiding all risks ' 
of lire. Any dilf(Tence of tem})crature that is desired may be 
maintained betweem the circulating oil and the material being ^ 
‘heated so that the ratt; of heating is under perfect control. Any 
temi)erature uj) to about 315° 0. can be obtained with the oils now 
in use, and the system is particularly suited for such operatiohs as 
gum running, \'ariiish making, and distilling inflammable liquids. 

^Mercury vapour has been*;^roposcd as a heat-carrying medium,^ , 
but the high cost and its poisonous properties m>uld seem to be 
rather against its extensive use. •*- 

A somewhat novel method of heating various materials, buk. 
chiefly ajipMed to distilling tar and to cracking oils, consists in 
forcing the tar or other material below' the surface of molten lead 
^ or oth(’r suitable metal kejit at the desired temperjiture. iThe 
jiortion which is vapourised is passed on to a condenser, or to another 
vessel for treatment, and the non-volatile portion is removed from 
the surface of the molten metal, either flowing away through a 
trap if it is liquid, or if solid or viscous, being removed by a scraper.^ 
A good number of patents have been taken out for improvements 
in furnaces of all kinds, chiefly concerned with details of structure, 
flues and regenerators, etc. These do not call for any particular 
notice, but mention should perhaps be made of the “ Fusion patent 
rotary retort.”* , 

It consists of an outer horizontal tube, rotated ok. rollers, wJffT 
an inner^ coaxial tube, and provided with s{jecial gaS-ti^ht 
connexions at the ends. A shaft passes eccentrically through the 
tube, and a number of harnmcrs'^ire suspended from the so 
that as the tube rotates the hammer heads are carried i^me little 

t « A 

*V.S.P. 1^^13,471 1022, 164a. 

» K.P. 174^0 ; J., 1?22, 205a. 

•y.* 1922,fi80A. ‘ * 
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y ay rouna tne periphery, and at last fall back to tnc lowest position, 
•and in so doing they strik%a glancing blow up^i>n any tiling in their 
patfi, keeping tl^e tube free f|jom scale and c|J?posits of all kinds, 
as well as breaking up the material being treated, and preventing 
it fritting together. The outer tube is heated externally, and the 
material passes first through the inner tube and then thf*ough the 
^ annulaT space between the tubes. The furnace is intended p^marily 
fcjr retortin^^ale and coal, but should be ^^plicable to bXher uses. 

Cooling and refrigerating machinery has received the'usua^ 
amount of attontion, to judge from the patent literature. The phieJ 
new idea to be noticed is the claim by R. Plank,’ in a p^er on the 
efficienc^y of compression refrigerating machines, that he can get 
increase *of 18% in cooling eificiency at the cost of an*5ncrcase of 
only 7% in power consumption, by further compi<L\ssing and again 
coolinf the pnevdously compressed and cooled gas or condensed 
* li(piid medium. We are not told what is the extra expenditure of 
capital, upkee]), cooling w^ater, etc. — })oints so often omitted by the 
inventor, but which the manufacturer must consider most carefully 
if he is to make a profit. * 

* Hpat insulators are, or should be, of very great interest to the 
chemical manufacturer, the waste of heat in many ^f the smaller 
factories being often very great, not only by loss by radiation from 
hot surfaeg^, bi^t also by leakage of heat into vessels and chambers 
which are^required to be maintained at low^ temperatures. *Two 
iftktf^rials are referred to in a pa])er by E. Griffiths and J. H. Awbery,® 
■“read before the Faraday Society. One is “ expanded rubber,” or 
rubberjn a highly cellular form, w ith a density of only 0^6 (ordinary 
vulcanised rubber has a density of l-o), the other is Balsa wood from 
Ecuador, « cubic foot of which weighs only from 5*7 to 8*6 lb.,, 
against 45 lb. for mahogany ; it has also the further advantage that, 
although it has little stren^h, it can be worked with ordinary wood- 
w orkiiig tools, which is not the case with cork. 

Among the smaller pieces of aj)})aratus that are likely to be 
serviceable to manufacturers may be noted the very useful and 
])ortable dew point hygrometer, described by J. W. Hinchley at the 
Society's Annual Meeting,® and the useful piece of apparatus for 
rapidly calibrating the capacity of storage and other vessel^ 
jlescribed SLp the same meeting by J. W.*McDavid.'® The latter 
aj^aratus, which weighs complete only about 26 lb., and is’ conse- 
qi*ntly very portaJ)le, consists of a •small vessekon a st^d, which 
can J;)e kept full of w ater to a constant level by means of an overflow, 
and w’hick has an outlet provideef with a nozzle of definite aperture. 

’ Z. Ses. KdlteiM.y 1921, 28, 15,7 ; J., 4922, 489a. 

« J.^1922^ 474tf. 

• J., 1922, 242t. 

J., 1922, 295t. 
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and baX te " ^ S Wh “V"? »>-” -tended, 

coking nrZcrties ^ treatment of coal to iipprove its 

treatment ?f “ caliche ” for'the^^r^”*^'^ to apply the process' to the 

Vmafl o^efore^ i^tead of ve^y 

grow’ing rfZga7crvstals in 7®' ^*t®”tion. The 

Low„^,uf if roSre'XTtTh^’"". 

chemical products nenerallv A « the idea has been applied to 
is caused to floivalowlv throiivlf/ solution of the pure salt 

crystals, which are ketrf in e ^ trough filled with small 

the crystals increase in siyf- ^vnt + conditions 

product is obtained which ha^not^^f *• “"°ther, and a 

■which is free from inclMsILs of 0 ^ ^! ‘‘PP^^'-'^nce, but 

very pure. niother liquor, and consequently 

andfrcimrlm\ngZ<.f 8®>®tin, glucose, 

diojcide. have been ZTil f “« '=“l>on 

oif tanks etc. ; they arfnow fZf “i 1 ®*tinguishing fires in , 
liquids from storage vessels with^ifs' volatile 
results. A note nuiv ifmo Ti ' ‘ f '^c^y satisfactory 

U.S.A. Bur«xu of Mim*« warning issued by thew 

fire-extinguishing agentl^^'Xy foTthar*i!’™ “« “ 

at a dangerous ^ much pfiosgene 

enclosed premLr " especfaulin 

"rj* '» ">« ■»«■” 

GreavesAValkeTf cis " tLfj^^i A. F. 

remains rigid on hcatimr and alummium silicate, 

d^rees oMts mSg tS It h?'*^ 

temperature, and a lot co!nLi ® constant volume at 'high 
does not spall oasilv It i, expansion, and consequently, 

^Uffioientl/hLTmperalre it" "* ^ 

Baaalt, which h^ntif; to slags and metals, 

^bout 1300° C without ln«n +f melted ^t- 

nechanically bv inserting iron tie strengthened 

itone.*« ^ ^ "isertmg iron nemforcing rods into the malten 

When and where wood can be obtained at a reasonable nrin« if. 

“i., 1922,*413 t. 

“ Jt, 1922, ?63b. 
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offers certain advantages as a material for the construction oi 
chemical plant, especiallji for tanks, vats, and pip6s. It is not 
liable to electlolysis, as is f|equently the cKse with metal pipes, 
it is a poor conductor of heat, and withstands weak acid solutions 
quite well. Some very interesting data about the properties of 
wood an^ ideas for the construction of wooden chemical plant of 
varioifs kinds will be found in a paper by C. S. Robinson.^® 

• Anyone wlfo has trouble with corrosionu of pipes will find much 
useful matter in the paper by J. W. Shipley,'* which, although 
concerned Avith the corrosion of iron and lead pipes in certain 
alkaline soils in Canada, contains a good deal of matter which is 
of general interest on the question of corrosion. 
p “ Stainless steel,” or high chromium steel, if it were not so expen- 
sive, should be of considerable use in the construction of chemical 
planiif as it withstands the action of caustic liquors, ammonia, 
copper sulphate, and nitric acid. Strange to say, it is attacked 
by acetic, citric, lactic, and tannic acids, but withstands vinegar, 
lemon juice, sour milk, and tannin extracts which contain these 
acids.' ^ Stainless steel has its resistance to corrosion increased 
' by gardening, and it withstands high temperatures without excessive 
loss of strength. 

The process of forming a skin or alloy of aluminium on the surface 
of iron, sjeel qjid other metals known as calorising,” is claimed to 
protect the metal against the oxidising action of flue gases at 
^iTiperatures up to nearly 1000° 0., and should find many applica- 
tions. , 

Tlig useful work of the British Association of Chemical Plant 
Mani^factufers has been continued, and they have issued a report 
on the standardisation of jacketed pans, and on the applicability 
of nickel for use in the construction of chemical plant.' ® 

A good deal of very useful work has been carried out by various 
investigators, ^^hich will be helpful to all those who have to design, 
construct, or use many kinds of plant. The list of references which 
foljpws will be of interest. It would seem to be desirable that 
some authoritative body should undertake collection of data of 
this kind, and carefully sort it out, rejecting anything that is 
not satisfactory. All that is of value should be made available 
for reference under the proper headings, and the gaps indicated 
^o that research might proceed on useful lines and a great deal 
if duplication of work avoided. 

Work on the fmlowing subjects has appeared during the year : — 
Researqjies on heat transference (W. H. McAdams and T. H. 

S. Ind, Eiig. Chern,, 1922, 14, 607 ? J., 1922, 619a. 

'V., 1S22, 31 It. 

Chem. and Mete Eng., 1922, 27. 532. 

'• J., 1922, 52e. 
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Frost, F. E. Bicho^sky,^® and G. Whitman and J. L. KeaUi^*) 
the control industrial heating processes (J. A. Doyle*®), th< 
efficiency of steam p^e cov^erings (C. tfkkeman*^), volume of ^tii 
required for drying (u. T. Mitchell**;, the boiling points of sail 
solutions (H M. Baker and V. H. Waite*®), the general problem oi 
evaporatior (J. W. Hinchley**), the evaporation of a liquid into a 
gas (W. K. Lewis*''), distillation and rectification (L* Qay*®) 
relation ^je-^veen the composition of vapour and liqui^^ distilling 
columnir’ (E. Piron*’), va'fjour pressures, heats of vaporisation and 
(toves from wliieli theoretical columns may lie designed, and then 
effieieficies calculati^d (W. K. Lewis and H. 0. Wel^r*®), efficiency 
of fractionjfting columns (W. A. JVters, jun.*®), tar distillation 
(W. A. Wajnisl(\y®®), di^sign and working of arnmoniacal liquoi 
stills (P. Parrish'”). Jteference only has been made to above w'ork, 
as it would Ire impossible to do more than pick out points here and 
there, but anyone wlio is in any way interested in any bf the suijeett 
should r(‘fer to th(‘ original publications. 

” J. In<l Kuii. (In m,, 11)22, 14, 13 ; J,, 1922, 279a. 

1922, 14, ()2. • 

Ibid., 1922, 14, 180 ; J., 1922, 3ir)A. 

*" Ibid., 1922. 14, 1005. 

Enijint'crinu, J922, 114, J55 ; 1922, 097a. 

** Chent. and Mvt. Kmj., 1921, 26, 1088 ; J,, 1922, 43a. 

Amor. Jii.st. Chom. Ji^ng. ; j.^1922, 87 a, 

1922, 242t. 

and Met. Kmj., 1922, 27, 112 ; J.. 1922, 885a. 

*« Vhim. ct Ind., 1921, 6, 507 ; J., 1922, 43a. 

Chem. and Met. Kng., 1922, 26, 317 ; J., 1922, 239a. 

J. hid. Mng. Cfienn, 1922, 14, 485 ; J., 1922, 573a. 

1921, 14, 470 ; J., 1922, 6I9a. 

»»,/., 1922, 290t. 

" J.y 1922, 229t. 



13 


fup:l. 

JoHN*W. Cobb, C.B.E., B.Sc., F.I.g., and H. -f. Hodsman, 
M.B.E, M.Sc., F.I.C., 

Depart viPiit of^Coal Gas and Fu(d Industries, The University fLeeds, 

The roviv^ed interest in all fuel problems which has gharacterised 
» the post-war period is further indicated by tlu^ recent developments 
of periodical literature specially devoted to fu(fl. Last year saw 
the Runching of the journal Brennslojf-Chewie, under the direction 
of F. Fischer of the Coal R(‘-search Institute at Mulheim. This 
journal, as its name implies, is essentially ch(unical in scope. In 
FranoiB a new journal, Chaleur et Indtk.lrie, has appeared. The 
curnuit year has seen the appearance of a monthly supplement of 
thf Colliery Guardian — Fuel in Science and Practice, under the 
editorship of Professor K. V. Wheeler, of Sheffield. This periodical 
contains articles, mainly on current topics of the science of coah, 
reviews .of ourrent literature and patent applications, ^nd a 
bibliography, although neither here nor elsewhere does this last 
receive adequate treatment. The Federation of British Industries, 
which has given encouragement to fuel economy in industrial 
l)ractice, ^ssues a quarterly periodical, Fuel Economy, dealing 
mainly with descriptions of mod(Tn fuel plant and efficient practice. 

The appearance of this periodical literature is evidence of a* 
increased interest in fuel questions. The multiplication of journals 
is not without its embarrassment for tliose who, for any reason, 
feel bound to, read them all, but is undoubtedly leading to the 
diffusion of much useful and interesting technical information. 
It^lessens the probability of work going unpublished, although 
perhaps it increases the danger of even good work going unread. 

At the outset some reference should be made to the great fall 
in the value of coal and other fuels, which has occurred in the last 
eighteen ponths or so, for this has an important bearing on many 
technical questions. The price of liquid fuel, however, has shown a 
•till more marke^ fall* than that of coal, and this naturally affects 
tljp finances of carbonising industries. The circumstances of the 
coal in^stry have been widely debated in the public press, and need 
no reparation Jiere. The revival ^f the coal export trade, and of 
some industries in the sumAer of 1922, has caused some increase 
in prfees, and th^ jrice ol coal shows no fii^her tendency to revert 
to pre-war values. 
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b' OKE Abatement. 

It must be borne fi mind that th% British fuel j^oblem, in the 
main, is to make the best of bituminous coals, which constitute the 
bulk of our supplies, judged by a threefold standard of thermal 
efficiency, ^chemical efficienc v and the absence of atipospheric 
^ pollution. The year 1922 has seen the* publication of the Govern- 
ment Committee's final report^ on '‘Smoke Abalfement,’’ and 
^etion based upon it has been initiated. Public opinion is becoming 
gradually aroused to the desirability of smoke abatement. It is 
plain that /iny insistence on smokeless combustion would have a 
far-reaching effect on fuel technology, and much of the scientific 
and technical work on fuel problems is inspired by the recognised 
necessity for it.t. 

One of the most striking conclusions of the report is«that, speaking 
broadly, our smoke nuisance is essentially of domestic origin. 
Comparing domestic and industrial smoke, the former, though 
diluted and diffused, is found to be quantitatively more important, 
jCnd qualitatively more harmful, owing to its tarry character, which 
renders it more adherent. Industrial smoke, owing to the higher 
temperature of the furnaces producing it, is often to all intents 
‘Simply carbon and grit. Beijig produced in large units it is locally 
more concentrated and obvtous to the eye. The evidence, which 
is more likely to appeal to chemists, is partly based oi* analyses 
of town soot, and also on meteorological observations of an indej^ii- 
dent character. It points to the conclusion that something like • 
. three-fourth^ ^f the total smoke is made by the household fire. 
There is, moreover, a marked tendency towards the elimination of 
cuiuch industrial smoke in consequence of the attenticu paid to 
economy of fuel, and the development of public power supply 
systems should tend in the same direction if the power stations 
are properly equipped and staffed. The report recommended 
some tightening up of the control of industrial smoke, the prohi- 
bition of smoky fireplaces in new public buildings, and the limitation 
of smoky fireplaces in new dwelling houses, especially where built 
with the assistance of public funds, 

V The late Government took some action on this report by intro- 
ducing a bill before Parliament, though there are signs that it will 
prove abortive. The bill is much more timid than the report, and 
is, apparently, mainly directed to more rigorous control of industrial 
chimneys. If the conclusions of the various investigators are 
vfdid, this will leave matters much as they were. 

A small book, " The Smo^celess City,” by E.. D. Simon and 
M. Fiteg^ald (Longmans), contains a readable, account of the 
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&idii^8 «f the Smoke Abatement Committee, an& also tlft autfioro’ 
of the steps which ajp desirable and practicabl**for Haaling 
with? the domes|ic smoke nuisance. ^ 


Domestic and Smokeless Fuels. 

The •in^mdual^specially the small householder— is largely 
helpless, havh^ little or no option as to the choice of appliances 
and fuel. UntU recently no one could confidently advise him • 
owing to the absence of any sure information as to the comparative 
performances of Tuels or fires. This lack is, howev’er, being rapidJv 
dispelled. o r j 

Mrs. M. W. Fishenden^ has amplified her investigations* on domes- 
tic fireplaces.® The open firegrates previously i»ed were again 
examiijpd wheij burning cakes of coke prepared by carbonising coal 
at low temperatures at the Fuel Research Station, Greenwich. 
The proportion of the heat of combustion of the fuel which was 
radiated was found to be some 25% greater when the coke cakes 
were burned than when raw coal was used. The measurements* 
were extended to kitchen fireplaces with back boilers, three of 
which were tested, one being of old-fashioned and primitive pattern. 
It is interesting to note that one experience previously reported 
with the ordinary grates was repeated here. The new 
tested werfe not Necessarily thermally more efficient as rel^s 
wg,t^r-heating and radiation than the old, but their smaller fuel- 
Hsing capacity made it more difficult to bum fuel to waste in them. 
The ordinary kitchen range— intended to perform at ItfUst a threei 
fold fiffiction, of heating water, cooking, and rooSi-warming— 
did no one jn a thermally efficient manner. The radiant efficiency 
with coal firing was only about 10% as against 20-25% in the 
simple firegrate with no attachments. The corresponding boiler 
efficiencies were 13-17%, suggesting that the heat utilised in the 
water boiler had* been obtained mainly at the expense of that 
otherwise radiated into the room. When fired with the coke cakes 
the (*)rresponding figures were 14-5-20-7%. In striking contrast 
were the results obtained in an independent boiler with visible fire 
burning the coke cakes, when water was heated with an efficiency 
of 42%. ^mbined with gas for cooking it was considered that sucl? 
a 4>oiler might replace the old kitchen range without proving more 
cc^ly, and also»without the production of smokp. Ic will be seen 
that coke, whether aef high-temperature or low- temperature o rigin , 
showed some thermal superiority over coal in ranges 'of stanc^rd 
pattern, a&d could be used with very much greater advantage in 
appliances designed for this purpose.* 

* Fu€l Research Board Tech ^Paper No. 3 ; ’J'..«f922 13^* 

» See Fifth Rept., t).%8. 
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The rSsults 0 / the tests on kitchen ranges receive gtmeral 
confirmatioii in the tests on ranges ^nd cooking appliances Hy 
A. H. Barker.^ Th/) evaluation of^the utility of^a kitchen fange 
designed to serve several purposes simultaneously is difficult. 
There are so many ways of using the appliance according to the 
needs or' caprice of the user. Variation in design and scope of 
different appliances adds to the difficulties of comparison: More- 
over, the definition 9 f efficiency for cooking pu«?poses presents' 
. very serious obstacles. Nevertheless, Barker has dealt copiously 
and courageously with the problem and in particular with the 
efficiency ^f ovens, measuring the heat transmitted to a coil carrying 
water placed inside the oven, and determining an effiiaency as 
arbitrarily defined. 

The thermal efficiencies of the ovens studied ranged from 1 to 5'/^ 
with an average of The efficiency of the fioilers att^hed to 

the ranges was 11-12% in the majority of ranges tested, ^though 
in one case the figure reached 20%. The hot-plate efficiencies 
were 1-5%. Considering the apparatus as a whole, the total 
** amount of heat regarded as usefully employed when all the apparatus' 
was simultaneously in use for cooking purposes was calculated in 
each case against the total heat of the fuel consumed. ‘ The 
efficiency, which naturally varied with the fuel consumption, 
varied ^rom 5 to 11%, affd in most cases was about 7%. At the 
samh time, it should bo noted. Barker showed that ^hese figures 
could bo largely exceeded by the use of solid fuel ranges of special 
design. 

It can with some reason be urged that these physical tests do 
not necessatily give an index of the service rendered in practice. 
Therefore a set of tests was carried out in which a certain menu 
was cooked on the range with a corresponding production of hot 
water, and special interest attaches to these tests because they 
were also made on gas cookers as in ordinary use. The thermal 
efficuncics of the ovens of the two coal-fired ranges w^re determined 
as 5-5 and 5-8% respectively, while that of a gas cooker of standard 
type reached 38%, and the latter showed a financial advaatage. 
The thermal efficiency of the gas cooker for total heating work 
done was also greater than those of the coal-fired ranges, but 
financially the gas was more costly. This was due to the expense 
of heating water on the gas cooker hot plate. Barker concludes 
that if the hot w^ater were provided by a separate 'economical water 
heater, tte use 01 gaseous fuel might become as cheap as or 6ven 
cheaper than the use of coal, although such a conclusion as applied 
to general domestic use is difficult to draw from special^ laboratory 
experiments. " » 

If promii\fnce is given here to the domestic «fuel problem, it is 

**VmlTRtse<j/rch Board Sptcial heport No, 4 . ' 
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notmtkout good reason. We have seen its iniJ)ortance^as rd^ards 
•atmospheric pollution. The coal used as domestic frfel is one of 
th^ largest single items in^the national fuel IJpll, and it commands 
the highest price in the coaf market. The manufacture of good 
solid domestic fuel ob\dously oifers great scope, and it is not sur- 
prising that investigators of solid smokeless fuels seek fiJfet to meet 
he rqgukements of domestic consumption. If such a fue]^ cannot 
ind a sale this market it will be much more difficult to establish 
me against the lower-priced industrial fuef Moreover, experience 
gained in meeting household requirements may be applied witif 
idvantage in oijier directions. Household fuels hold a key position 
in fuel technology, and much of the technical work oii coals has 
been inspired by the problems which it presents. 

' The importance of the small householder’s fireplace (the kitchen 
range) has been well recognised. It has been often assumed that 
a smdkeless filtel adapted to such an a})pliance must necessarily 
be prepared by partially carbonising coal at a low temperature, 
so as to leave a portion of the volatile matter in the product. Such 
a process has to cope with difficulties in practice so sejrious that^ 
gifter many years of effort, no large stable industry has as yet been 
established. The friability of the coke makes its transportation 
difficult ; the low yield of gas, whether measured by volume or 
heat, and of ammonia, renders the process unattractive to gas 
manufacturers.* The tar, though large in quantity, is of abnormal* 
comj)osition and of unproved value, except as a liquid fuel ; it is 
deficient in aromatic hydrocarbons, but contains an abnormal 
proportion? of tar acids. Such a product has possibly g^eat potenti- 
alities,* but fjiese are still largely unknown. The exSting coal-tar 
industry has developed only slowly, and as its chemistry has 
become nif»re fully understood. The proper utilisation of low- 
temperature tar may demand the same prolonged chemical study. 

The existing high-temperature carbonisation industries have 
stable markets fbr all their products, which suffice for the costs 
of manufacture and profits on capital. The town gasworks depend 
primarily on receiving a good price for the gas which pays the 
cost of carbonisation, and is only justified by the higher value in 
use of the thermal unit in gas as compared with coal. If th^ 
low-temperature coke industries fail to obtain a good return on 
tl^ir secondary products this leeway can only be made up* either 
by evolving a m*ich cheaper process of carbonisatjpn or bj^obtaining 
a Mgh price for the* coke, and for this it will be necessary to show 
an efficiency in use considerably greater than that of coal. It 
seems verjt doubtful if the general consumer will voluntarily pay 
much mare for any form of cqke than for household coal for use 
^ in existing fireplaie^s, and i» this the researckes of l^s. Fishenden 
give him support as b>ng as he coiiside(8 hekting value alone. 

B 
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This yeaf has seen important contributions to the question which 
reveal it in % new and more hopeful^ light. The free-burning 
quality — combustibility — ^for which tl^e low-tempera,^ure treatment 
was believed to be essential, is to be ascribed, according to E. R. 
Sutcliffe and E. C. Evans,® to the attainment of a suitable cell 
structiire, ^iven which, the temperature of carbonisation is relatively 
unimportant. 

The Jesuits of H. D. Greenwood and J. W. Cobb® havb a bearing 
•n the subject. They showed that the true specific gravity of the 
product of carbonising a coal in the laboratory was greater when 
the carbonizing temperature was 800° C.> than when 500° C., i.e., 
the material itself, apart from its pores, became denser, but that 
when the coal was carbonised at 1100° C. no higher specific gravity 
was foimd. Theijll00° C. coke had a smaller percentage porosity 
than the 800° C. coke, and the cell walls were presupiably thicker, 
which would explain a slower combustion without invoking 
any marked change in the chemical character of the coke 
material. 

Of course, the difference between ordinary gas coke and the 
specially prepared products may be easily exaggerated. C. V. 
Boys’ claims that ordinary coke can bo burned without difficulty 
in an ordinary open grate if this is suitably arranged. The essential 
pointy are conservation 4)f the temperature of the coke, as by 
eliminating ironwork and avoidance of the cooling effect of excess 
air by restricting the air supply. 

Sutcliffe and Evans claim to have attained the right structure - 
* in the coke qy a preliminary fine grinding of the coal — coking or 
non-coking — and subsequent briquetting, either with a binder, or 
better, by compression alone. Microscopical work by Sir George 
Beilby® adds support to the contention that the structure obtained 
is one of inter-connected fine pores similar to that of charcoal. 
Given this preliminary treatment, the production of free-burning 
smokeless fuel may be effected, it is claimed, in existing carbonising 
plant, and under existing conditions of operation, although the 
authors believe that in establishing new plant, special intemhUy- 
heated retorts would be more economical. The process is free in 
important respects from the limitations which have prevented 
jjas engineers from taking up the low-temperature carbonisation 
processes in the past. Moreover, where the gas industry does not 
develop ir the direction of complete gasification ft must find an 
outlet for the increased production of coke "which accompanies 
its growing output of gas. The' manufacture of a free-burfdng 

» J., 1922, 196t. 

• J., 1922, ISlT. . 

19&,167, 81 
lf22,84lT. 
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smokeless fuel for domestic purposes is one way of doinj this, and 
‘some progress in this direcjjion has been made by the <?outh Metro- 
politan Gas Cfmpany.* 

Sutcliffe and Evans believe that if the manufacture of such a 
smokeless fuel can be established for domestic purposes, jjbs superior 
“combustibility” will give it a place in industrial applications, 

^ such a1} steam raising for use in gas producers, and more particularly 
ip blast-furhftce practice. 

It was recognised even by Sir Lowthian ueii max oiasx lumaces 
using charcoal ^can be worked with a smaller fuel consumption 
than the normal coke -fed furnace, and this is now ascrtbed to the 
superior “combustibility” of the charcoal. Sutcliffe •and Evans 
j)elieve that their coke would have similar properties, and a similar 
efficiency in the blast furnace. The importance ot converting this 
belief 4nto a d«monstrable certainty is obvious. Time and experi- 
ence will show how far these anticipations are realisable. Mean- 
while this paper brings forward new ideas in the treatment of 
bituminous coal, emphasises the importance,of the study of domestic 
fuel, and indicates its repercussion on other branches of fuel 
\cclpiology. 

The development of these ideas will demand the use of more 
precise methods of measuring combustibility than those employed 
in the work referKcd to. It may be that some characteristic? such 
Eis an “ igifition temperature ” determined under carefully specified 
conditions will suffice, and from time to time such methods have 
been worked out.^® K. Bunte and A. Kolmel have made similar 
measurements on cokes differing in mode of prepaiation. Their 
experience supports the claims made above. The ignition tem- 
perature iff cokes measured depended on the kind rather than 
the percentage volume of pores, and in no discoverable 
way with the percentage of volatile matter. The ignition 
temperature of* a low-temperature coke remained substan- 
tially the same when carbonisation was completed at 800° C. 
in atmosphere of nitrogen. E. Erdmann,'* in a comprehensive 
discussion of spontaneous combustion, rather with reference to 
lignites, has also described a method of measuring ignition 
temperatures.'® * 

The importance of coke structure has given an increased import 
ance to the determination of the specific gravjty of such solids, 

•OobJ., 1922, 167, 376. 

^ Cf. Dennstedt and Schftper, Z. Bngew. Chem.y 1912, 25, 2626 ; J,, 1913, 
11 ; R. V. Vheeler, Chem, Soc. Trans., 1918, 118, 946 ; J., 1919, 66a ; F. S. 
Sixmatt and B. Mocre, J., 1920, 72*^ • 

^Oaa- u.ifVa8S9rfach, 1922„65. 692; J., 1923, i32A. 

“ Brmnatqff-Chem.,im, 8, 267, 278, 293 ; J.f 1922, 8875 l 

'» Cf. also F. Plenz,»G'<M u. Wasserfi^, 1922, 65, 478 ; J., 1922, 558a. 
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which is be^t with practical difficulties. Several papers Meaning 
with this important matter have appear^ recently.^^ 

The Fuel Research Board’s Report frr 1922^^ is ancfvher import&nt 
contribution to the subject of domestic fuel and low- temperature 
carbonisatjpn. The prospects of low- temperature carbonisation 
are now discussed in the light of recent experience, both technical 
and ecofiomic. In the latter field a most important change Ts the 
fall in price of fuel oil from £15 to £4 per ton, involving a diminution 
©f at least 10s. in the value of the products from one ton of coal. 
It becomes, then, the more necessary that all the other products 
shall find a^remunerative and adequate outlet. It has been estab- 
lished that, in low-temperature carbonisation a gas of calorific 
value of, roundly, 1000 B.Th.U. per cub. ft. is producible, suitable 
for bringing lo^er-grade gas to a higher calorific standard by 
admixture. Applied for this purpose, under certain conc^'tions, 
the gas might become the most valuable and least speculative of 
the assets of low- temperature carbonisation. It would also link 
up the process to the carbonising industries established for gas 
and coke manufacture. 

As a result of the experience of the Research Station, it has been 
possible to establish -standards of yield which are demonstrably 
attainable from suitable cpal carbonised in externally- heated retorts, 
viz. :-c~Yields at 600° C., per ton of coal (dry) : Coke, 14-5-15-5 
cwt. ; crude oil, 13*0-17*0 gal. ; liquor, 7*0-15*0 gal. ; ammonium 
sulphate, 4*5-8*5 lb, ; gas, 3000-3500 cub. ft. (25 to 35 therms). > 

In assessivg the financial prospects of the process, it is assumed " 

' that the coke would command a figure which would pay for the 
coal treated. Then the crude oil, selling at 5d. per gallon, and the 
**gas at 4d. per therm, would, for the above yields, bring^in 16s. per 
.ton of coal carbonised. This would have to bear the fixed and 
working charges and supply the profit on the enterprise. Success 
would plainly demand the evolution of carbonising apparatus which 
could be cheaply erected, maintamed, and operated. 

In the light of available experience, the question is as,ked : 

“ Will it be possible to establish on sound industrial lines a new 
industry based on the carbonisation of tens of millions of tons of 
foal per annum now being consumed in the raw state ? ” And 
the answer given is a conditional “ Yes,” “ the elements of uncer- 
tainty being mainly economic and social.” ^ 

The report contains an interesting study of .the micro-structure 
of coke, which reinforces the copclusions of Sutcliffe and E):ans 
(he. cit.). 

W. Washburn and othets, J. Ceram. Sot., 4, 916, '061, 983 ; 

5, 48, 112. A^Schmolk,^ Stahl u. Eisen^ 1922, 42, 1227 ; A, 1922, 798a. 

J. Gloe^zer, Brenmtqff-Chem.f 1922, 344 ; A, 1923 fA. ^ ' 

wj*» 1^2, 270 e. 
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Attrition has been paid to the preliminary tlassificafion eif coals 
by laboratory testing— a matter of fundamental importance. 
Sifmetimes af coke is more and sometime^ less bulky than the 
original coal. Coals of the former type cause difficulty in carbonisa- 
tion at low temperature, and may yield unsatisfactory products. 
Admixture with non-caking coal, or coke, in suitable proportions, 
prevents the development of this swelling, thus widening the 
field of raw iiaterials available and affording a means dT carbonising 
hon-caking coals with recovery of tfieir by-products. This 
“ blending ” of coals for carbonisation seems to offer possibilities 
to the existmg high-temperature industries of gas and coke 
manufacture, and is not without its effect on the cdfnbustion of 
the coke produced. The laboratory assay method previously 
described^® forms a convenient method of contr^ling the blending 
process. 

The workmg experience of low-temperature carbonisation 
reported has been obtained in carbonising coal at 600° C. in 
3xternally-heated horizontal steel retorts of special construction. 
The charge of coal was placed in trays divided by partitions into 
, square compartments so that the resulting coke was in the form 
of <l.inch square cakes which, when made from a suitable coal 
or blend, were easily removed and of good mechanical strength. 
The partitions assisted in conveying the necessary heat to the 
coal. There is a^ limit to the shortening of the coking period if a 
suitable product is to be obtained, for carbonisation, viewed as 
a chemical process, is a relatively slow reaction. For the production 
of these Cakes, three hours’ heating at 600° C. was necessary. 

Th# liquid products, though greater in quantity thlin in standard' 
high-Wimperature practice, are not without their shortcomings. 
The oils irom the different coals tested were similar in nature.* 
Most characteristic was the high proportion of tar acids, reaching 
in some fractions 50%. The crude oil was largely emulsified 
with liquor, but«removal of suspended solids by filtration facilitated 
separation of the water by subsequent settling. The settled 
product had a calorific value of 16,000 to 16,500 B.Th.U. per lb. 
The flash point was too low for Admiralty purposes, and after 
removing light oil to correct this, the viscosity became excessive. 
It is believed that these conflicting requirements may be met after 
further study. The crude oil displayed another serious short- 
coming. Thei^ was usually a limit to its miscibility with mineral 
fiftl oils, and if this was overstepped, a gummy ffiass waf deposited. 
Th§ crude oil was completely immiscible with shale and American 
fuel oil, ig;id only partially miscible with most of the others tried. 
Trinidad oil alone of those tested appeared to mix satisfactorily. 

At a metting#of the S^utli Wales Institute of_ Engineers on 

“ Fuel Research R<hrd Tech. Rept.^o. !•; J.,T921, 206 a. 
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Ap^i^ 20tb, there ivas an interesting and valuable sympcwiuni on 
low-temperrffure carbonisation by a number of workers in thii^ 
field, new and old. » The processes already mentioned and s*me 
others were described. 

C. J. Goodwin described the “ Fusion ” retort which is externally 
heated. The results given are for the treatment of oil shales. 
The retort is htted with revolving breakers to prevent accretions 
3 n the inside of the retort, and if coal were treated th®- carbonised ' 
[•esiduc would need to 'be briquetted for most purposes. 

' H. Nielsen^® proposes a revolving retort somewhat after the style 
)f a cement furnace, but carbonises the coal by the sensible heat 
)f producer-gas (L.M.N. process) which traverses the retort counter 
jO the coal.' The process can be worked for making low-temperature 
;oke with the /production of a mixed gas of moderate heating 
lower, or the whole of the coke obtained can be gasified in the 
iroducer. It is stated that a plant for dealing with 100 ions of 
joal per day is being erected in India. In order to produce a 
nixed gas of somewhat higher grade, Nielsen also proposes the 
ise of hot water-gas foe the internal heating. The loss of heat in * 
lie “ blow ” gases is, however, very appreciable, and the suggestion 
s made that the working should be modified so as to produce, 
it the expense of thcT yield of water-gas, a “blow” gas containing 
;uch a proportion of carbon monoxide as to have a calorific value 
)f about 110 B.Th.U. per cub. ft. It would then be good enough 
or heating or for use in gas engines for the production of power. 
This runs counter to normal water-gas practice which aims at^ 
ninimising ihe heat content of the blow gas.^® 

S. R. Illiiigworth has patented his method of fractional 
jarbonisation in which it is arranged that the charge s^iall contain 
i suitable quantity and kind of volatile matter just as the plastic 
3oke mass is setting. 

Other types of plant and process were described by W. E. 
Davies,®^ W. H. Freeman*® and J. Roberts,*® who devised processes 
based on the incorporation of coke and non-caking coal prior 
bo carbonisation (v. supra, South Metropolitan process). 

One very important and much-discussed problem is to ascertain 
whether it is commercially feasible to subject boiler fuel to 
carbonisation at low temperatures prior to combustion. It is 
well known that expenments have been made at U Newcastle 

w Proct South W^les Inst. Eng., 1922, 38, No. 2 ; J., 1*922, 680a. 

« Engineenng, March 24, 1922 ; Gas J., 1921, IStf, 368, 444 ; 1922, IW. 
267 ; 1922,158, 449. 

Cf. Lowe, Gas J., 1922, 158, 449. 

»®E.P. 176, 88f; J., 1922, 283a. 

*^ Gas J., 1922, 158. 447. 

« Ibid., im, 158, 6L*5. 

1922, 159, 27t 



El^tric Power Station and the successful outcome willlbe of great 
interest and importance^ The process used is carbonisation by 
super-heated Iteam using internal heating.tf 

Coke-Oven Peactice. 

ThS coking industry has been at a very low ebb owi^g to the 
industrial d^ression, with many plants i^le or at a very reduced 
output. These conditions naturally have not conduced to ptogresij^ 
The industry is, however, intimately concerned with the develop- 
ment of the Improved methods of cleaning coal, ajjd the new 
processes of carbonisation discussed earlier. 

Prominence has been given to the difference between British 
and American practice by several published reports on visits 
mad%to plants in the United States.^ ^ In American plants the 
ovens are customarily larger and narrower than in this country, 
with walls of silica brick. Flue temperatures are higher, the coal 
is used dry, and coking periods are shorter. The coke is smaller 
in size but, apparently, satisfactory to thfi blast-furnace managere. 

The old question of the path of travel of the gases through the 
charge during carbonisation has again been given prominence 
by the work of G. E. Foxwell.^® Foxweirs views are based on 
measurements of the permeability to gases of coal and coke and 
the plastic layer during carbonisation. He believes th&t the 
path of the gas varies during the coking period. At first, 
practically' the whole penetrates the plastic layer and ascends 
through the cool central core. Afterwards, as th^ coked layer 
in contact •with the oven wall thickens, and growl more porous, 
a bigger 4)roportion of the gas rises through this hot zone and 
less through the centre until when the plastic zones are almost 
coalescing, the whole rises through the hot coke. Support is 
given to this view by an ingenious experiment of T. B. Smith,” 
who showed thS,t ferric chloride vaporised at the oven wall passed 
inwards and then upwards through the charge as indicated by the 
stains left on the coke produced. 

Coal Cleaning and Recovery of Waste Fuel. 

It will Scarcely have escaped notice that a prominent feature 
of several proposed processes for preparing ^okeless fuels is a 
• * 

Merz and McLellan, W. T. Bottomley and E. G. Weeks, E.P. 171,909 ; J. , 
19^2, 48 j^ Of. Fifth Rept., 25. • 

G. Hebden and J. W. Lee, Ocia Worlds Coking Sectt 1922, 24 ; 
A. H. Itfiddletor? and T. Nicholson, ibid., 1922, 17, 23 ; J. Broker, ibid., 
1922, 136. • • . 

1921, 193t ; Gets World, 1922, Coking meet., p. 64? 

« Qaa World, Comn^ Sect., 1922, 62.* 
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preliminary^ foie grinding. This may not be such a ’serious, 
disadvantag(f as might appear at first sight. One objection to all 
carbonised fuel is iti inevitably incr/^ased ash confent as agamst 
the raw coal. Washing, as normally practised, can usually reduce 
the ash-content of a coal, but still makes no impression on those 
mineral constituents which are more intimately incorporated 
in the ooal^ substance. Thus a coke with not more tl^an l0% of 
ash will, to-day, be usually regarded as satisfactory. ^ 

, Recent dcivelopments in methods of cleaning coal show that it 
is possible to effect a much closer removal of mineral matter 
provided tl^at the coal is initially broken down to a sufficient degree 
of fineness. The comminution of coal preliminary to carbonisation 
has then tbe advantage of making it possible to prepare a fuel 
with an ash -content less than would have been contemplated 
until recently. Thus it is claimed that the PowelV Duffryi Coal 
Company and Minerals Separation, Ltd., will be able to put on safe 
in large quantities a briquetted fuel with no more than 3% 
of ash.'-*® 

• The potentialities of ffoth-flotation continue to engross attention, 
E. Bury**® has enumerated the advantages from the blast-furnace 
manager’s point of view which may be reaped. The removal of 
fusain from coal is one of the most certain effects of flotation treat- 
ment, and this suffices, it claimed, to convert some non-coking 
to coKing coals.®® Flotation is proposed for the recovery of fuel 
from washery slurry®^ and from pitheaps for the boilers of the 
colliery. Flotation methods also Open out the prospect of making 
use of fine cdhl which is often left in the mine, where it not merely 
represents a loss of fuel, but also causes positive danger to the 
^operation of the pit. Experience with flotation in America has 
been reported with varying results.®** Ralston found flotation 
ineffective in removing ash from coke. 

Some mention should here be made of the Trent process, in 
which the coal is first ground in water to a very fine powder, when 
an oil is added which is said to form an “ amalgam ” with the 
coal, leaving the mineral matter in the water phase. The coa*i-oil 
amalgam is then subjected to carbonisation to recover the oils 
both added and produced. New claims for this process have 
been recorded.®® The cost of oils may be a factor in the success 
of flotation processes, especially if the finished product has to 
compete wi^h industrial fuels of low value. If th€^ product is to 

« J., 1922, 18b, 357r. 

*• Trans, hist. Min. Eng., 1920-1, 66, 243 ; J., 1921, 835a. 

®« CJ. Thau, Siam u. Eisen, 1922, 42, 1153, 1242 ; X, 1922, 7St/A. 

»» J., 1922, 207a. ‘ , ' ' 

•• O. C. Ralston and others, C?iem. and Met. Eng., 1922, 2b, 600,. 1081 ; 
J., 1922,^ 632a. ^ ' 

»®J.,*'1922? 241a, 243a. 
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fcsp carbonised with a possible recovery of oils, the prospects would 
seem better. 

Th*e high cos# of fuel encoiyages the development of methods 
of recovering the fuel values of waste products. 

The Sheffield Corporation is recovering cinders from the town 
refuse by screening, the coarse cinder being reserved fbr boiler 
fuel, anti the fine briquetted with pitch to form a domes^ fuel, 
th§ output o? Tfhich is expected to reach 12(i tons daily. 

Several proposals have been made for the recovery of fuelTrom 
furnace ashes and clinker by means of froth -flotation methods. 
Thus, W. D. GrSen^® states that ashes groimd to pass ^10-mesh 
sieve yielded 88% of their combustible contents in this way. 

Sewage sludge is a waste product, the disposal of wRich is an 
embarrassment to most large mimicipalities, and several attempts 
have b^n madg^to recover its fuel value, usually by carbonisation, 
tvith or without admixture with coal.*'® Labour costs are an 
important factor in such processes and the gas obtained, though 
high in calorific value, is apt to be rich in carbon dioxide and 
hydrogen sulphide. Birmingham Corporation propose to gasify 
the sludge and generate power in gas engines. 

Here mention may be made of the development of water power. 
The Water Power Resources Committee has issued a final report 
in which the potential output of British water power is put at 
210,000 kw* — undeveloped though economically available tind 
mainiy in the Scottish Highlands. This is equivalent to 40% of 
/he output of public generating stations and an annual consumption 
of 3,000,000* tons of coal. 

Powdered Fuel. 

A revised edition of L. C. Harvey’s report on powdered fuel 
has been published with accounts of more recent developments.®* 
Other publications traversing the same ground have been made 
by P. Trion and others,®* J. Blizard and R. F. Bacon and W. A. 
Hamoj. 

A proposal has been made to use the powdered fuel for making 
gas. The powdered coal is fed intermittently into the top of a 
gas producer, kept hot enough to drive off volatile matter, leaving m 
a lesidue to fiill upon a bed of coke which is gasified by periqdical 
blasts of steam. ^ The gas is thus a mixture of coal and water gas. 

Fuel, 1922, p. 25P 

and Met. Eng., 1922, 28, 701 ; J„ 1922, 359a. 

*• O/. F. Siimatt and W. T. Locket, E.P, 176,053 ; J., 1922, 282a. 

J., 192?, 63r. See Fifth Kept., p. 27. 

** H.MfStationei^ Office. « ^ 

Ch<^ur et Indii^trie, 1921, S, 500 ; 1922, 8. :■ 

Bull. 54, Mines Bra^h, Dept, of JB^nes, Cana&a. 

“ American Fuels.** 
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This recalls the Marconnet powdered fuel producer.** *In^stfil- 
lations bufning powdered fuel disposal of ash is frequently effected 
by way of the stacV. Although thereby smoke pfoduction nfay be 
avoided it would be replaced by a “ grit nuisance ’’ if the practice 
became extensive and this would run foul of the proposed 
new le^slation against atmospheric pollution. Washing out or 
settling the grit is possible, but would involve additional outlay r 
and operation for tho, auxiliary plant. Powdered <uel high in ash 
can, 'it is claimed, be burned with as high an efficiency as good clean 
coal — a great advantage. Moreover, the “ smalls ” and “ breeze ” 
from suc];i processes as those of low-temperature carbonisation might 
be ground to powder, realising thereby some of the advantages of 
gasification. 


Peat. 

A committee of a Commission of Enquiry into the Resources 
and Industries of Ireland has issued a comprehensive report on < 
the potentialities of Irish peat resources.** The results of tests of 
the carbonisation of peat at low temperatures were not 
encouraging. Carbonised at high temperatures, peat yielded an 
illuminating gas when purified, but as the crude gas contained 30% 
of carbon dioxide the 4)urification costs would be prohibitive. 
The use of peat for generating electrical power, v/hether by steam- 
driven or gas-power stations (with ammonia recover}^) is regarded 
as the most promising outlet and it is recommended that a stalbion 
of 20,000 ^w. capacity should be installed. 

G. Keppoler** gives a comprehensive survey of the i problem 
of ridding peat of water, but concludes pessimistically that 
there is no immediate prospect of a solution. The mbst promising 
field is the development of mechanical appliances to facilitate 
the winning and handling of peat to be air-dried as at present. 

J. W. Hinchley,*® however, is more optimistic, believing that 
a hot-pressing process may be made effective.*® 


Lignite and Bbown Coals. 

Lignites and brown coals, though inferior fuels, usually occur 
in very thick deposits near the surface. They are thus easily 
and cheaply won, and this counts for much, especially when good 
coal hafi to be ^transported from a distant source. In Genhany, 
even near good coal fields, the extraction and use of ligniV *49 has 

** OiU WorSlt Coking Sect., April, 1917. 

** J., 1922, 365r. 

** Brennsioff^Chetn, 1922, 8 , 237, 249„.262 ; J., 1922, 847a. 

366t. 1 „ 

>• C/. also W. Ostwald and Al Wolf ; J., 1922,' 972 a. 
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made^eat strides and the technology of the subject Has been 
highly developed. 

W.» A. Bone has given » useful account ^^f the lignites and 
brown coal deposits in different parts of the world and especially 
of the Morwell brown coals of Victoria in Australia. He has 
pointed out that if the raw brown coal is heated to 250°^375° C., 
as by h»t flue-gases with low oxygen content, water and ^rbon 
&ioxide are Evolved, with the result that a more effective and 
hi^er grade fuel is obtained without appreciable loss of total 
heating value. Thus, an addition has been made to a Babcock 
boiler plant so that the brown coal, while being fed b.^ gravity 
down a chute with louvred sides to the grate, is exposed* to direct 
contact with hot products of combustion. In this way the fuel 
is* dried and “up graded” before arriving at th(^ grate and its 
superiority is shown by a much increased rate of steaming. The 
mtilisation of lignite deposits in this way for the generation of 
power on a very large scale is said to be in process of development 
by the Provincial Government — ^another example of the tendency 
^to get over a local shortage of good coal by the exploitation of low- 
g^ade fuels. Proposals to exploit the lignites in South Australia 
have hlso been made.^® 

M. Laffargue and R. Jaugey^* have made a laboratory investi- 
gation of the distillation of lignites and the optimum temperatures 
for the productioiF of the various products. The best remilts 
in these experiments were obtained with a temperature of 760° C. 

the study of the oxidation of lignites under pressure has bulked 
"largely in l^e work of F. Fischer and collaborators of the Coal 
Research Institute, Miilheim. Their results are held* to point to 

the exigence of an aromatic structure in the coal substance. 

# 

Liquid Fuel. 

So far as liquid jEuels are concerned, a striking feature is the very 
widespread concern for the supplies of motor spirit in the future. 
By reference to the pages of the Journal it will be seen that 
commissions and committees in many countries are examining 
and reporting on this problem so far as it concerns their own 
conditions. The potentialities of alcohol have been much , 
discussed and are receiving investigation. In this connexion 
th€^ publication of a monograph on “ Power Alcohol,” by 6. W. 
Moijier-Williamst may be mentioned. ^ 

A British Report Ras been issued by the Department of Scientific 
a-ndlindusjrial Research, 1921,®® giving a survey of the prospects 

« J. Soc. Airis, 1922, 70, 342. 

1922,176^ . ° 

*• Am. des Mines, 1922. 12. 1. 327, 

1922, 13 b. 
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of*alcoJiol as a petrol substitute. It shows that the fosAbilities 
of manufecture from vegetable starcj^ in this country are remote. 
The use of the soA for food crops piust have pri(ft‘ity. In 1922 we 
are supposed to have had a surplus crop of potatoes, which raises 
the question whether such a result can be permanently achieved.* 
Some eiperiraents have been made on the cultivation of Jerusalem 
articbol^s as a source of sugar, but the scope is limited? In the,, 
colonies and dominions overseas there are a nuinfoer of potential 
sources of alcohol, e.g., molasses, waste sulphite liquors. 

The Empire Motor Fuels Committee®^ gives an account of 
Bicardoifi tests of undcnatured alcohol as fuel in internal-cdmbustion 
engines under varic^d conditions. Alcohol proved to be thermally 
more efficient than petrol or benzol at both high and low compres- 
sions and varying speeds. No corrosive action on the engine was 
observed under any conditions. 

The carbonisation of coal is, of course, an establisheci 
method of preparing motor fuel. There is an impression 
abroad that the oils obtained by carbonising coal at lovj 
temperatures must contain a large proportion of usable 
volatile spirit, but this is not necessarily true. The pfim£fry 
distillation products are often rich in oxygenated constituents of 
low volatility. They also^^'iid to contain a large proportion of 
un^aturated and “gumming’’ compounds, the removal of which 
involves large consumption of acid and loss of yield. In these 
respects the more drastic high-temperature distillation has* the 
advantage. 

F. Fischcar®^ has reported the results of experiments on increasing 
the yield of motor spirit from low- temperature tar' by the use of 
hydrogen at 700°- 800° C. This action was knov^i to reduce 
toluene largely to benzene and cresol to toluene and benzene.®® 
As would be expected, it operates in converting the phenols which 
form such a large fraction of low-temperature ?^ars, into aromatic 
hydrocarbons. This reaction is believed to be one responsible 
for the formation of benzene and its homologues in normal coal 
distillation. By suitable treatment, preferably under pressure, 
ho was able to get a total yield of motor spirits equal to 5*25% of 
the coal distilled (13 gals, per ton). 

The problem has been also attacked by studying the hydrogena- 
tion of individual phenols and fractions containing tar acids, both 
in the laborator/and on a larger scale. The reduction is favouiably 
influenced by the use of tin-lined iron reaction tubes.®* 

At this point reference may be made to the action of Jiie National 

‘ “ Interim Rept . ; X, 1922, L23r. f 
^ Brenm^ff-Chem^ 1921, 2, 327, 347 J., 1922, 46a. 

M JC7/. Dufton and CLbb, J., 1930, 511a. 

1922, 891a, 931a. « ‘ 
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Benzolft Association in establishing a joint ConAnittee With the 
University of Leeds to direct research towards impiiftving the 
technology of beivole production. Work has aljeady been started. 

Origin and Constitution of Coal. 

ThougR on^y remotely connected with industrial fuel gjoWems, 
the» photo-syntfiesis of formaldehyde and » carbohydrates from 
carbon dioxide and water by E, C. C. Baly, I. M. Heilbron*and 
W. F. Barker^® is worthy of note as supporting what has been 
regarded as a possible mode of formation of vegetable matter 
from which our coal supplies are derived. More recently E. C. C. 
B^y, I. M. Heilbron and D. P. Hudson^* have adduced 'evidence 
to show that the formaldehyde so produced reacts 'vwth potassium 
nitrite t*# forrrt j^roducts which rapidly condense to give nitrogen 
com})ounds. In this way the production of the protein vegetable 
j matter finds a plausible explanation. 

^ F. Fischer and H. Schrader” have adduced further arguments 
in support of their theory that in the formation of coal the cellulose 
of*ve^etable matter is completely dissipated by bacterial action, 
and that the lignin portions survive and become finally transformed 
to the ulmin matter of coal. The view that coal is cellulosic in 
origin is controverted. This lignin theory has not received general 
acceptance. •D. T. Jones and R. V. Wheeler^® regard thejr conclu- 
sions as not proven, and see no reason to assume the survival of 
one type of ^ the original molecular structure to the exclusion of 
others. ^E. Donath and A. Lissner®* accept the theory a!5 a partial 
explanaljon but regard it as incomplete in ignoring tfie vegetable 
and animal proteins. 

The measurement of the heat change of carbonisation of fuels, 
which has in the past attracted interest in many quarters, has again 
been attempted. K. Sieben®® has stated values for different fuels, 
for wood 14%, peat 12%, lignites 3-7%, and coal 0-3% of the 
heat of combustion of the original substance. 

H. Strache and H. Grau®^ and E. Frohn®^ point out that heat of 
the carbonisation operation is the net value as the liquid products 
are in the vapour state during carbonisation. They attempt to 
correlate the figure with oxygen content ancj claim to have shown 
tho/^ when this is above 17% the net heat is positive and when below 

^Ch^m. Soc. Tran^, 1921, 119, 1025; J., 1921, 632a. 

Soc, Trans,, 1922, 121, 1078; J., 1922, 609a. 

^^Brennstoff-Chem,, 1922, 8, 65 ; J% 1922, 207 a ; Fuel, 1922, 1, 113. 
Fuel, I#22, 1, 91. 

” Bremstojf-Chem,, 1922, 8, 231 : J., 15^2, 847a. 

Ibid., 192£, 8, «09 ; J., 19^, 6o8a. 

” Ibid,, 1921, 2, 97 ; J,, 1921, 289a 
Ibid., 1922, 8 ^ 4a. 
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is itegatrve, and ^the reaction is endothermic. It is importgint, if 
possible, ascertain the value of the heat of carbonisation, which 
is for coals only a*very small fractioii of the to^l calorific value 
of the fuel. It hai a bearing on tile feasibility of such attractive 
schemes as carbonisation and gasification of coal with internal » 
heating jvith oxygen,®® and with electrical heating which has also 
had its advocates.** 

S. fe. Illingworth*® has elaborated views on the constituents of 
coaLand the mechanism of the coking process. (5oal is regarded 
as a conglomerate of four types of compounds, ulmins, soluble in 
aqueous potash solution, so-called a-compour,ds insoluble in 
pyridine; jS-compounds soluble in pyridine but insoluble in chloro- 
form, and 7 -compounds soluble in pyridine and chloroform. The 
character of a coal is considered to be determined by the properties, 
including the 'relative thermal stabilities, of these components. 
He attempts to correlate these characteristics with Seyler’b classifi- 
cation according to ultimate composition. A study of the thermal 
decomposition of several bituminous coals showed that they differed- 
in the relative thermaj stabilities of their components decomposing 
below 500° C. — ^the p and 7 constituents. The jS-components 
were first decomposed, the 7 -constituents next, and the a-compounds 
above 450° C. As generalisation, at least 5-5% of the 7 -com- 
pounds, which are considered to supply the cement, must be present 
to pernjit the formation 4)f a coke. The hardness of the coke is 
determined by the quantity of cement and its porosity by the volume 
of gas being evolved as the cemmt is just setting and thus fixing the 
cellular structure. The j5-compounds being already destroyed and 
the a-compo^mds still stable, they have no infiuence on the i^ructure 
of the coke. ^ <. 

R. V. Wheeler and R. Wigginton** have discussed Ihe existence 
of resins in coal. Although their presence is to be expected, in 
view of the origin of coal, yet, owing to the transformation of the 
resins having so far progressed in the process of coal formation 
as to render them insoluble in alcohol and ether, it is difficult to 
obtain chemical evidence for identification, since the quantities 
extractable are so minute. There are, however, a few examples 
on record of the discovery of actual resin enclosures in the coals. 

W. S. Gresley*’ states that he has observed resin enclosures 
several times in British and American coals, and G. W. Himus *® 
reports observations of resinous inclusions in Manchurian (Soal. 
W. A. '^Bone, '*A. R. Pearson, E. Sinkjnson, and W.'* E. 

«« Cf. Ann. Repts., 1920, 6, 34. . 

** A. Helfenstein, Z, angew. Chem.f 1922, 85, 73. 

•* Fuel, 1922, f, 17, 30, 49, §5, 89 ; J., 1922, 111 t, 133 T. 
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Stockiitg8,w in experiments on the action of solv^ts ^n 
coal, believe that they j^ave obtained a ** resena*” by a 
certaift method t)f extraction^ that the cokjng propensity of 
coal is not due to resinic compounds, and that the action of pyridine 
Is to depolymerise the coal. They dispute Illingworth's theories 
as to the process of coking, but their own views as expressed in this 
^aper halve been criticised. 

G. S. HaslSnkand R. V. Wheeler’® -discuss the appli^tion of 
contact photographs of coal sections to the elucidation of «oal 
structure. The method seems to offer a speedy means of estimating 
the relative proportions of the banded constituents (see below), 
since these affect a photographic plate differently. 


Nitrogen and Sulphur of Coal. 

•The mmor cundtituents of coal have attracted a considerable 
amount of interest of late. Nitrogen and sulphur, though forming 
normally only 1-2% of the coal by weight, represent in the aggregate 
fenormous stores of these elements in the combined state. Both 
have to be imported in large quantities, and yet the stores in coal 
are dr^wn upon only to* a slight extent. Broadly speaking, only 
the nitrogen of coal which is carbonised, and of that not more than 
one-fifth, is recovered as ammonia. With minor exceptions the 
nitrogen of tl^e coal A^hich is not carbonised is lost. This nitrogen, 
if logt, is at any rate in the innocuous form as free nitrogen. Of the 
shlphur of coal, again only the volatile sulphur produced in town's 
gas carbonMtion is normally recovered — in the coking* industry 
it is mo^ly lost — while the rest in coal otherwise consumed is 
entirely l8st, Ijqt here in such a condition as to be positively injurious 
to all forms of life and many materials. The fact is that there is 
ao practical means of removing the bulk of the sulphur from coal 
antil it is first gasified. 

iftogress in the recovery of nitrogen and sulphur requires a deeper 
insight into the chemical structure of elements in the coal substance. 
There has been a diversity of opinion as to the availability of the 
nitrogen left in coke after carbonisation, especially when heated 
in hydrogen (the so-called Tervet reaction). A. C. Monkhouse and 
J. W. Cobb’i showed that it depends on the mode of preparation ' 
of cqjie taken, •and on the atmosphere in whi8h the coke is heated. 

\^atever may , be the chemical nature of the nitrogen in the 
o^iifal coal, it is fownd after carbonisation in tfi-ee conditions. 
Simpk heating alone at a low temperature eliminates a portion 
of the nitroggn of coal as ammonia, and this proportion increases 

^*Proc,*Roy Soc. *1922, AlOO, 58a ; J., 7922, 240 a. 

Fuel, 1922* 1, 4.% ^ 

^ Trane, Inet. Gae JSkiq., 1922, 187 ; Jl, 1922, 5ZS7ju 
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Bs the temperature is raised until a limit is attained whici is usually 
less than^c20% of the original nitrogen of the coal Altbov^h 
another portion is ^berated as free nitrogen, the Jfulk of the residue 
remains in the coke and untouch4(i by heat alone, however pro- 
longed. If, however, such a coke be heated in an atmosphere of 
hydrog^ a further proportion of the nitrogen may be set free as 
amm 9 nia, the proportion depending on the mode of preparation of 
the coke*. It may be considerable in a low- temperature coke and‘ 
negligible in a hard metallurgical coke, which has suffered prolorfged 
heating at a higher temperature. By the most prolonged heating of a 
low-temperature coke in hydrogen Monkhouse and Cobb obtained 
only about two- thirds of the nitrogen as ammonia. The rest, 
though pi'actically inert to the attack of hydrogen, could be readily 
and almost quantitatively set free by heating the coke in steam, 
and this is true of the nitrogen in high-temperature coke, although 
here the rate of liberation is slower. Thus the Siitrogeif of coke 
seems to be present in three forms, all of which may be present if 
the carbonisation has been made at low temperature, while one 
only — ^the nitrogen set free by steam — is present in high-temperature 
coke. Cokes prepared at intermediate temperature contain 
nitrogen with intermediate properties. The liberation of nitrogen 
from a hard coke by steaming differs from the other two processes 
in that the simultaneous gasification of q|rbon is an essential 
concomitant, whereas the elimination of nitrogen by heat and the 
attack of hydrogen leave the carbon intact. That th’e gasification 
of nitrogen and carbon in steam proceed pari passu, was put forward 
by H. Saljnang,’* although with inconclusive experimental support. 
The results' of a study of this problem now in progress point to the 
essential correctness of Sabnang’s statements. 

‘ The fate of the ammonia once sev free from coal in'^carbonisation 
or gasification processes depends on the treatment it has received 
before reaching the cooler parts of the plant. It is almost com- 
pletely unstable at the temperatures current in normal practice, 
and given time, would break down into its elements. Some of the 
nitrogen of the coal is set free uncombined, and forms part of the 
nitrogen found in the coal gas. This proportion is roughly equal 
to that recovered as ammonia, indicating that considerable decom- 
position has probably occurred — ^whether by simple dissociaticm 
or by direct oxidation by indrawn air. In some quarters the sug- 
gestion has recently been made that oxidation is i^esponsible ick the 
more setious shdre of the loss of ammonia, but this has been C(fiitro- 
verted by H. D. Greenwood and R. A. Mott, in coUaboratiop with 
H. J. H^sman.’® They "found that oxygen, if present in coal gas, 
was preferentially removed^ by the hydrogen al^vays present before ‘ 

” Disaertstion, Acuhen, 1914 ; J., 101'9, 452 A. 

(!» J.. 1822, 273 T i ‘1923,^ 4 T. / 
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&mmf>nia could be attacked. The undoubted Meleteri(JUs action 
df indrawn air in practice would seem to be due ratRer to local 
bveAeating, foi the rate of dissociation of ^monia at working 
temperatures is very sensitive to temperature. The rate of dis* 
sociation was also found to be materially influenced by the atmos- 
phere, whether of nitrogen, coal gas, or hydrogen, and especially 
by the presence of water vapour. Water vapour retarded bpth the 
dissociation •aiid oxidation of ammonia. The importanf influence 
of the nature of contact materials, especially coals and the ash 
of coke containing iron in certain forms, was shown in these, and 
in the experiments reported by G. E. Foxwell,’* in a paper bearing 
on the problem. 

The work of Monkhouse and Cobb (loc. cif.) bore aiso on the 
liberation of sulphur from coke. A soft low-teipperature coke, 
containing about one-half of the sulphur present in the original 
•coal, g^ve up Ifttle of its sulphur when simply heated in an inert 
atmosphere. The sulphur which could not be dislodged by heat 
alone was set free as hydrogen sulphide by the action of heat in 
an atmosphere of hydrogen, and almost completely if temperature* 
£^d time were adequate. This was true even of hard coke prepared 
in the laboratory at 1100°, but the validity of this statement 
when applied to metallurgical coke has been questioned by A. R. 
Powell (private communication). This agrees with the conclusions 
of J. P. Wibaut,’® confirmed by experiments on synthetic products 
made by heating together carbon and sulphur. 

Thus the sulphur compounds differ in some respects from the 
nitrogen compounds. The sulphur could also be liberated by steam. 
Doubtltss th§ desulphurisation of coke by hydrogeti and steam 
goes sofne way in the carbonisation process, but the experiments 
recorded show that the process cannot go very far in practice, 
owing to the short time available, and do not hold out good prospects 
for the commercial desulphurisation of coke, however prepared. 

The liberation of sulphur from a Silesian coal when carbonised 
at different temperatures has been studied by F. Foerster and 
W. Gteisler.’* They conclude that the sulphur of the iron pyrites 
is the source of the hydrogen sulphide evolved on carbonisation. 

Coal Ash. 

Lessing’’ emphasizes the importance of the study of the 
mineral matter — th% dirt — of coal, both from the* point & view of 

J., 1922, 114 T. 

’®2?ec. ^^mv. Chim., 1922, 41, 153; Brennstqff-Chem., 1922, 8, 288; J., 
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elucfflatiiJ^ the origin and structure of coal, and of advancinj^ the 
technique of preparing coal for the market. He maintains that^ 
a treatment of the Voal with dilute^ acid loosens iftie union of the 
constituents and the ash, thereby fac:yiitating the mechanical 
separation by washing and concentration. 

The infportance of the ash constituents in affecting the decom- 
position of ammonia liberated during carbonisation while the 
gases are ' passing thr9ugh the charge is indicated by Foxwell’s' 
, experience’* on the dissociation of ammonia in contact with coke 
containing ash of different composition and the work of H. J. 
Hodsman^ H. D. Greenwood and R. A. Mott (te. ciL). 

A. Grounds®® has examined the ashes of South Wales anthracites 
and particularly the ashes of the components of the coal. 


The Structure op Coal. 

F. S. Sinnatt and N. Simpkin**^ have continued their work on the 
ankerites of Lancashire coals by a study of the forms of irou. present. 
The nature of the iron is very variable, but pyrites predominate. 
Little is soluble in water, but a considerable proportion may be 
soluble in hydrochloric acid and some may occur as silicate.* 

The palaeobotanical study of coal seems to have an increasing 
importance. Coal has an^obviously banded structure, the layers 
diffefmg even to the naked eye. Four disthlct structures have 
been recognised in these bands, and the names fusain, durain, 
clarain, vitrain have been given them by M. C. Stopes, who has 
studied their characteristics.®* Fusain has long been known under 
various namhs (mother of coal, mineral charcoal). Xt is the soft, 
friable constituent which blackens the hand when ^touched. It 
is supposed to represent the residuum of the most resistant plant 
constituents after oxidation, bacterial action, and removal of 
“ ulmic ” substances. Durain is hard, dull and opaque in 
appearance; it contains the residues of complfetely disintegrated 
plants and is full of spores when examined in sections. Clarain 
is clear in contrast to the opaque durain, but, although translucent 
in thin sections, contains traces of plant structure. Vitrain is 
the bright constituent with a conchoidal fracture like pitch, structure- 
less, like a hardened jelly. M. C. Stopes insists on reserving the 
name' vitrain to material which shows no structure.®* '' ^ 

,F. V. Tideswejl and R. V. Wheeler®* have advanced the view’ 

Colliery Guardian, 1922, 1211 ; E.P. 173,072; *J., 1922, 130a. 

J., 1922, 114t. 

*0 jr., 1922, 88t. 

“ J;, 1922, 164t ; c/. Ann. P.ept8., 1921, 6* 12. 

“ Ann. Repta., 1920, 5» 38. ' 

lSf22, 22, 93. , 

^Ch&iL 8oc. Trana., 1922, ml 2346. 
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t|jat v!train is derived from the dopplente occasionally foynd in peat 
beds.^ Dopplerite is a black ielly-hke substance — ^ulmic hi chemical 
character ^and In Irish specimen examined sfiowed some lesem- 
^ blance (both physical and chemical) to the vitrain of bituminous, 
coal. 


Not only do these constituents dilBPer much in appearance and 
.•origm, out ajso in properties which affect their fuel value.* Thus 
fusam, which ft soft and not coherent, is relatively rich in,ash 
readily ignited and absolutely non-coking. These properties cause' 
it to accumulate^in the finer portions of coal and washery slurry 
and render its presence in a coking slack undesirable. Nevertheless 
the same properties may make it quite suitable for dpst firing! 

IS easily separable by flotation. 

F. S. Sinnatt^ihas made a study of the properties* of, and effects’ 
traceablff to fusam in Lancashire coals. It is present to the extent 
of 1-2 /o. Lower in volatile matter and higher in ash than the 
1 other constituents, it is undesirable if the coal is intended for 
•carbonisation. It reduces the average percentage of volatile , 
matter and diminishes the caking power of the coal. Coal was * 
shown, to fracture preferably along fusain bands, and in view of its 
softness it is not surprising that fusain was found to concentrate 
m coal dust, whether underground or about the screens above, 
or m the washery, slurry. There is at some coking plants a 
practice of fe-incorporating washery slurry with the slack to be 
changed, a practice which can only lead to the deterioration of the’ 
quahty of the coke. 


While* fusaip is easily separated on the large scalB, the other* 
constituents present greater difficulties. This is unfortunate, for ‘ 
the constituents differ markedly in important properties while 
lusam IS only a mmor ingredient amounting to a few per cent.- 
01 tne total coal. Vitrain and clarain seem to have the best coking 

properties, though'few coals have been studied and generalisation 
IS premature. 


separating and estimating the proportions of 
tbe banded constituents of coals is responsible for the limited 
amount of information which has been accumulated and the 
smau number of coals examined from this ppint of view, although 
its ^^portenc« is obvious. P. S. Sinnatt «• has estimated the pro-' 
portyn of the constituents in some Lancashire seams by direct 
^^emmt m aim and suggested a method of charting the 
• h® agglutinating valuer, of the four constituents were 
measured and the highest values were obtained for the clarain; 
m one case the value was greatqp for durain than for vitrain. ' 

!• 1921, 68, 3B7 j J., 1922, 698a. 

••/6«i., 1922,e8,307*; J.„t922,698A • ' 
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A' Baranov and W. Francis*^ have made a similar examiftation 
of a seam bf the East Kirkby Nottii^gham coal. It was mainly 
composed of duraifc (75%) with 1/^% of clpairf, 5% of \*rain 
and^ as usual about 3% of fusain. The durain of this coal did not 
at all while the clarain gave a strong, dense coke which could 
be matcfied by coking a mixture of four parts of the durain with 
one part pf the vitrain. 

A. Grounds®® has made an investigation into components 
of a number of South Wales anthracites. The principal constituent 
was a glossy substance resembling vitrain in appearance, but so 
dense th^t it was not possible to prepare a translucent section. 
Grounds, quite needlessly, calls it ^-vitrain. Fusain was present 
to the extent of about 1% and also a component resembling the 
clarain of bituminous coals. The fusain presented abnormalities 
and was noteworthy as containing more volatile patter f;han the 
coal (anthracite). 

The method of separation hitherto employed in laboratory 
researches on these substances has been simple hand picking. The 
“common methods of Reparation in practice fail, as the differences' 
of specific gravity in question are too small. W. R. Chapman®* 
has, in preliminary- experiments, found some indication fef the 
possibility of concentrating, if not separating, the dull and bright 
portions. A. E. Findley and R. Wigginton*® found some indication 
of differences between the constituents under' the influence of an 
electric field. 

The growing importance of the structure of coal gives an increased 
interest tfi methods of preparing sections for exaniination. J. 
Lomax, a pioneer in this art, has given a concise account of his 
technique which should be useful.*^ 

Coal Analysis and Testing. 

It is remarkable how meagre is the published^well-authenticated 
information about the properties of the different British coals. 
Though some users have accumulated a store of data for private 
use, e.g., as to gas-making qualities, the only published large-scale 
systematic carbonisation tests of British coals were accumulated by 
the German Gas Engineers’ experimental station at Karlsruhe. It is 
one of the objects of the Fuel Research Board to study and classify 
the British coal seams, especially as regards suitability for industrial 
use. Such work, involving physical and ^chemical study'^ and 
working tests, would prove a protracted task for many wqrkers, 

w Fuel, 1922, 1, 219 ; J., 1923, 4U. 

«« J., 1922, 88t. 

Ibid., 1922, 63. , 

1922, 106. ^ 

« Ibid., 1922, 79. 



and it has been decided to delegate some work to local coiSiimtfees. 
In pursuance of this policy, Board has recognised th^^Lancashire 
and Cheshire (?oal Research § Association astthe Committee to 
undertake the physical and chemical survey of the coal resources 
in its locality. 

Obviously such a chemical survey presupposes uniformity of 
,analyti^al pijictice among those concerned, for much of coal analy®^ 
is Essentially efnpirieal. There has been, hitherto, no such agree- 
ment among British chemists in commercial and scientific Vork 
m coal, and to remedy this defect the Fuel Research Board has 
ippointed a Committee to draw up methods which may b^expected 
}o command as far as possible general approval and adherence.*^ 
^The’ simple determination of volatile matter is very fmportant, 
ind the subject of unending discussion.*® Fritsche recommends 
he aluminium i^tort of Fischer and Schrader,®* but surely this is 
only valid where the low-temperature distillation of coal is in 
, question. The demarcation between the fixed and volatile matter 
^of coal is very vague and largely a question of analytical convention 
and the object of the analysis. The method of determining the* 
volatije matter in a crucible heated in the Bunsen flame, as specified 
by the American Chemical Society, has been largely adopted, but 
the use of a platinum crucible is a serious obstacle to its universal 
adoption. It has been questioned®® that the use of platinum is 
essential, and the use of crucibles of Monel metal and perhaj^s of 
other cheap materials has been suggested. 

R. Lant and E. Lant-Ekl®® advocate the determination of sulphur 
in coal — v hich is important, and has its special difficulties — by com- 
bustion ’in oxygen. * 

A. Weighell®’ has reported the results of measurement of the 
agglutinating power of a number of Durham coals. 

Several systems of classification of coal according to composition 
and properties have been proposed but with partial success only, 
for it is obviously impossible to draw precise distinction of class 
where the properties and composition show no sharp gradations. 

T. J. ^)rakeley*® has proposed a graphical method based on the 
relative proportion of carbon, hydrogen, and oxygen, which are 
regarded as constituting the true coal substance. Taking the sum 

J., 1922,^4r. c 

•* Cf. Delmarcel and Mertens, Bull. Fed. Ind. Chim. Belg., 1921, 1,*6, 76; 

«/., 1^2, 45a. St. Claire Deville, Soc. Tech. Ind. du Gaj, June, 1922 ; J., 
1922, 698a. J. A. Ma<Slachlan, J. S. Afr. Chem. Inst., 1922, 6. Also 

Fiitscke, Brennstoff-Chem., 1921, 2 , 337, 361, 377 ; 1922, 3 , 4, 18 ; J., 1922, 
128a. 

®* J., 192(? 666a. 

®®P. Wedgwood and H. J. Hodsi»an, J.,*1922, 372t. 

•• Breji^nstof-Gh&i^., 1921, 2 , 3«0 ; J., 1922, 89a. 

J., 1922, 17t. 

•• Chem. Soc. TraM.,h^22, 121 , 221 ; *J., 1922, 165A. 
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of &ese*ias 100, the composition of the coal can be indicated on, a 
. right-aingled triangular diagram, carbi^n and hydrogen in vertical 
and horizontal co-Minates and oxygen by the cSstance from the 
hypotenuse. The points for coals, lignites, peat, and wood lir 
in a narrow band on this diagram, and are segregated into areas 
according to type. Drakeley believes that the dividing line o 
types,, say coking and non-coking coals, is quite sharp^ thdiigh thii 
does not seem to be clearly established. Cannel and fusain do ^lo' 
fall T^thin the band and this is taken to indicate a different origin 


Gaseous Fuels. 

The industry of public gas supply is still in the state of transition 
imposed by th^? Gas Regulation Act of 1920, which, in bringing the 
conditions of statutory control and finance into lisle with ' J)ost-war 
conditions, altered the system of charging for gas to one based on 
heat units supplied. For this purpose the unit is 100,000 British 
thermal units, being termed a therm.*’ This is essentially rational' 
and equitable, as between supplier and consumer, but the tendency 
of the latter to suspect the strange new unit of charge, haa been 
increased for the time being by the peculiar manner in which a 
certain section of thePressiiiias interpreted its function of enlighten- 
ing^the public. 

For some time there has been a widespread tendency'to distribute 
gas of lower calorific value, i.e., to gasify a portion of the fiked 
carbon of the coke and mix it with the richer straight coal gas. 
It must be remembered that in established practice only ,20-25% 
of the heat of coal is recovered in the gas, the bulk being l^t in the 
coke. The gas engineer has largely met his increases In demand by 
gasifying the latter, and it is interesting to speculate as to how far 
the process will go. The Gas Regulation Act is so framed as to 
leave this to the choice of the individual undertaking, which can 
'decide on the basis of what gas it can make and supply most 
. efficiently and cheaply. " ^ 

The tendency to distribute gas of lower calorific value has, for 
the present, been arrested as a result of the operation of changed 
conditions. Indeed, the past year has seen a number of under^ 
takings increase the declared calorific values of the gas. Now the 
oorwumption of town’s gas shows a steady growth, apd if thip fo to 
be* met by an increased output of high-grade gas, there wiQ nfjces^ 
; Barily result increased production of coke, unless the manuffi^ure 
;ol. carbui^tted water-gas is still more widely pract^d, which 
to a great extent on the price of oil for carbufett(ng. ^ 

it seems clear ^that n^uch solid fuelj will be oonsumed 
in (iomestic*^ fireplaces for a lo:[*g time to come whaWer^ develops 
ta^ pl^e in the aitjUka^tion of gasebus fueL^ Thia: ill 
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market which the manufacturer of rich gas require 'and can 
cultivate by producing a cqfee fuel attractive in price dnd quality. 

It^as frequently been urged ibhat the gas industry should abandon 
its present-day practice and revert to carbonisation at low 
temperatures, but such proposals have as a rule been unable to 
bear financial scrutiny. 

, The ^development of such ideas as have been adv^pctd this 
year (v. supra^p. 18) and referred to already may, however, render 
practicable the economical manufacture of smokeless solid fuel 
without offending against the canons of good gas practice. 

Even to those who pursue the bolder and in many v^ys more 
attractive ideal of completely gasifying coal, the carbonisation of a 
certain amount at lower temperatures may have a vafue in pro- 
ducing very rich gas to be used for bringing up tha calorific value 
of a lower gra^e and possibly also in providing oils for the car- 
Tburetting of water-gas. The carburetting “of water-gas with oil 
is a process which has a very high thermal efficiency. This was a 
significant conclusion from the study of the carburetted water-gas 
plant by the Research Committee of tile Institution of Gas* 
Engineers and the University of Leeds.*® There is, then, much to 
be said in favour of the carburetted water-gas process provided that 
suitable oils for carburetting can be obtained at a satisfactory 
price. An enriching gas and a carburetting agent might both 
come to bo self-provided by the gas industry itself bj^ the 
use of low-temperature carbonisation plant, furnishing also a 
certain quantity of smokeless solid fuel. 

During the past year public attention was directed Hi the daily 
press t| the carbon monoxide content of coal gas, and the con* 
sequent darjger of poisoning. It might be inferred that the presence 
of carbon monoxide in gas was some new thing, and that its possible 
danger had never been considered. Coal gas has always contained 
carbon monoxide, usually about 7%, though sometimes as much 
as 10-11%, and the products of incomplete combustion of hydro- 
carbons initially free from carbon monoxide may also contain 
similSr proportions. The Gas Regulation Act of 1920 recognised 
that to secure conservation of coal and the supply of cheap gaseous 
fuel it was desirable to contemplate the gasification of some of the 
fixed carbon of coal. This would involve % corresponding increase 
in 4he average carbon monoxide content of the gas, and a Depart- 
mejjtal Committee was set up to report on how far the cpnsequent 
increase in the poisoAous quality of the gas would justify a restriction 
of Ifie carbon monoxide content.. In their report, which was only 
issued aftei* very full enquiry (Cmd. 1422), their conclusion w^ 
stated 

“ After we%hiil|g very carOfuUy all the fact* concerned, we have 
** Seventh Eepi. of th^ Oae Inveetiganon Cfonmittee : J- iftss 
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concluded, vOn the balance of advantage to the public, that we ai»9 
justified in "recommending non-limitatKon. We hf,ve not igijored 
the increased risk iiom the poisonous nature of carbon monoxide 
but, when all practicable precautions are adopted, we do not 
consider that the increased risk will be found a serious one. The 
danger of increased death rate is in any case of small dimensions, 
and against this must be set the certain improvement jn the public * 
health by the reduction of smoke and fog arising irom increased 
‘ use of gas.” 

It is, as a matter of fact, very doubtful whether the average 
carbon m(moxide content of town gas to-day is much higher than 
in 1914, apd whether any single fatality, accidental or otherwise, 
can be attributed to an increase in the carbon monoxide contend; 
of the gas supplied. 

There is another aspect neglected even by# many ^ -smoke-, 
abatement advocates, who would seem to be content if visible 
smoke were abolished as by the exclusive use of carbonised fuel. 
To achieve this would be a great gain, but the dispersal of sulphuric 
kcid in the air would still continue. There is actually no way of 
extracting and retaining .the sulphur of solid fuel which is feqsiblb 
in practice, until the fuel is firs^ gasified, and chemical study of 
the problem does not hold out much Impe of a solution {vide supra, 
p. 31^. This is an important reason for encouraging the gasification 
of fuel to the utmost practicable limits. Not only would atmo- 
spheric pollution be reduced to a minimuib,. but there would be 
an economic gain as the sulphur recovered would render us less 
dependent hi\ imported supplies. ^ 

H. S. Denny and N. N. S. Knibbs'®® have given an acceunt of 
a test of a station (the largest of its kind in the country^ generating 
electricity driven by Mond-gas with ammonia recovery. The 
station had a generating capacity of 7400 kw. and the ammonia 
recovered amounted to 60-4 lb. of ammonium sulphate per ton of 
'coal. In the test, lasting one week, the gross calorific value of the 
cold gas was 47 8% of the total heat supplied to the plant as fue^i.e., 
producer and boilers) and the gas-engine efficiency wsjb 24%. As 
electrical energy, of the total heat supplied 10 2% was recovered 
finder full load, and 7 6% under half load. Tests of large power units 
of this kind, though not numerous in literature, are v^ry valuable, 
especially when made under working conditions. The residts 
are much «inferioi« to those obtainable in a s^am-driven pow»r- 
station^, and, indeed, the authors would favour the latter ui^ess 
the cheapness of coal and high-value of by-products made the 
recovery of, the latter more important. In contras! fo these 
figures are to be quoted the tests of 3. A. Humphrpy'®^ on a similar 

gratia. Inst. Mech.*^ Eng., 19221; I, 97. 

ibid.* 1901, I, 41. * * ^ 
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installation where an overall efficiency of 19*7% was claimed, and 
also % test on a producer-gws power plant of less thaif one -tenth 
the capacity by W. H. PatchoU,’®'^ when an 'Efficiency of 19*9% 
was claimed. The tests under discussion are criticised on the 
grounds that the producer plant was obsolete in pattern and in a 
bad state of repair. Furthermore, when erected, it was designed 
primarily to^’ccover ammonia from a low-grade coal, the (Quality 
of Uie gas, which was to be burnt under boilerscor sent to waste, being 
unimportant, and no attempt was made to secure thermal 
efficiency. 

In recent years H. V. Wheeler and his collaborattyrs have 
established valuable generalisations as to the propagation of 
fl^me through mixed gases. These generalisations as to limits 
and speeds of propagation make it possible to (ftilculate some 
gropertit‘.s of complex mixtures from the corr(\sponding properties 
of simple gas-air mixtures. Thus, if two simple mixtures with a cer- 
tain speed of propagation are mixed the resulting complex mixture 
,will have the same speed of propagation. The oxygen for com- 
bustion will then divide itself between the (Jombustible gases in 
8u*ch proportion as to allow for the produ(;tion of two equal-speed 
mixtures. This, accordingly, should be shown by the composition 
of the products of combustion. W. I^ayman and R. V. Wheeler'®* 
showed that the coipposition of the products is in harmony 
this view, and this accounts for the very different proportion in 
which the oxygen is taken up by hydrogen and methane when 
exploded together with oxygen. Bone has ascribed the mode 
of partition of the oxygen to the varying affinities of l^he gases, 
and has,Iindeed, utilised this to compare the affinities, but Wlieeler 
considers it tb be a simple corollary to the speed generalisation. 

These generalisations of Wheeler have been based mainly on the 
properties of the commoner combustible gases. The “ limits 
generalisation ” states that if two gas-air mixtures, each at the 
composition at which inflammation, both either at the upper or 
the lo^er limits, is just possible, are mixed, then the resulting 
complex mixture will also be a “limit mixture.” A. G. White'®* 
concludes from his own work that the limits generalisation does 
not necessarily hold good with organic vapours, especially if these 
are capable of developing a “ cool flame.” • At the lower limits, 
the )i:imtts generalisation seemed usually to be valid, but this was 
by no means true with the upper limits. This fftis an mdustrial 
impo^nce as it seems possible for this “ cool flame ” to be 
propagated between wide limits and under certain circumstances 
to give ris^ tS a noymal hot flame. 

Rep%., 1&20, 6, 34. ’ 

Soc. Tran*,.1922. 121, 363-^ J., 1922, 

1922, 122^ 25fld; J., 1923, ’ 
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tv. J^a^on and R. V. Wheeler^®* have studied the conditions 
under whibh methane-air mixtures ignite in contact with Ideated 
surfaces — a subject^of special imponlance to the mining community. 

Chem. Soc. Tram,, 1922, 121, 2079 ; J., 1922, 972a. 
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GAS—DESTRUCTIVE DISTILLATION- 
TAR PRODUCTS. 

By Geoffrey Weyman, B.Sc., 

Chief Chemist, The Newcastle-upon-Tyne and Gateshead Gas 
Company. 

• 

Fob the carbonising industries the year 1922 presents many 
hopeful*’ signs of sure, if slow, recovery from a period of severe 
depression. Towards the end of the year prospects were sufficiently 
promising to enable coke-ovens which had been shut down for many 
months, to bo brought into operation, while a large proportion of 
gas concerns were enabled substantially to reduce the price of gas 
in anticipation of once more extending the field of their supply. 
The tar products market attained a very low level during the year, 
but even in this case the demand considerably stiffened in the 
closing months ; many concerns were able to tide over bad times 
by turning their attention to the preparation of road tar. 

tDwing to the uncertain margin between cost of production and 
ruling prices, local conditions became of extreme impo;rtance, and 
this factor will undoubtedly play an important part ir. the develop- 
ment oc the treatment of coal. 

A very hopeful sign is the increased recognition by both the 
gas industry and the coke-oven industry of the fact that their 
common object is the economical treatment of coal rather than the 
mere manufacture of one principal product. 

Coke Formation. 

The most important development of the year has undoubtedly 
been the recognition of the combustibility of carbonised materials 
as a definite 4 )roperty of- the fuel. Two solid fuels may possess the 
satfie calorific value, but under identical conditions may bum at 
veiy different rates and attain different temperktures, and under 
prafifcical conditions the same completeness of combustion may not 
be attained. In the past coke ffias been appreciated chiefly on 
account pf its calorific value, hardness, and porosity. The latter 
property has Jt>een especially ^^coiisidered in relation to the ease with 
^e fuel will bum, but has riot accoun^d for the differences 
Wad in practice bel Ween fuels prdduccd in different ways. 
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■fhe firsti investigators into the question of smokeless fuel assumed 
that the fesidual volatile matter remaining in low-temperature 
coke was largely tfifc cause of the greater ease of combustion such 
products had over those produced by high-temperature processes, 
and in fact it seemed that the higher the temperatures employed 
were, the harder, denser, and the more incombustible was the coke 
which* rq^julted from the coal used. 

n\e advantages, hervover, of a coke as hard ancf dense as high- 
temperature coke, and yet as easily combustible as coal, are very 
obvious, and the manufacture of such a fuel w(^uld undoubtedly 
lead to very great economies in general industry as well as in respect 
to the donaestic hearth. The work of E. R. Sutcliffe and E. C. 
Evans^ is therefore of great importance. It is pointed out thst 
combustibility *is not dependent on residual volatile matter, but 
rather on the mec;hanical structure of the fuel, and that ftn easily 
combustible coke may be obtained by high-temperature treatment 
in the form of a dense hard coke possessing a minute pore structure. 
It is also recognised that the size of the fuel pieces, the bond, and i 
the homogeneity are other factors of importance. To produce 
such a fuel, the coal is first watched to reduce the ash content, 
dried, and then ground in a ball-mill. The powder is briquetted, 
and the briquettes carbonised at any d^ired temperature in ordinary 
gas Retorts or in internally heated retorts.-^ In, the case of swelling 
coals it is necessary to blend the coal with a non-caking variety 
or with coke breeze so that the volume of the briquette does not 
substantially albT. It is claimed that the briquettes can be more 
rapidly carbonised, and with internally heated retorts large units 
may be used as the carbonising mass is easily penetratedi by the 
heating gases. Combustibility is here defined as the eaf^» with which 
a fuel combines with oxygen and necessarily involves the time 
factor. This definition will need extension when the methods of 
determining this property are developed. Up tp the present the 
methods of Thomer and Bell have been used which, roughly, 
consist in noting the loss in weight of the fuel in successive periods 
of time when heated in the presence of air or carbon monoxide. 
In practice the coke must necessarily maintain itself above the 
temperature of ignition, which varies with different fuels. It 
would seem better to or timato the minimum air velocity necessary 
to effect the complete or nearly complete combination of 'the 
oxygen of the aii current^ used when the fuel is burning without 
external heating. 

Further Tight is thrown on th^ subject by G. Beilby,® who, in 
’ , 1/., 1922. 196t. 

^008 J., 1922. 168^631, ; 1922, 492a; Qas. J., l622, 1(59. 317 j c 

E. C. l^vanB, E.P. 171,152 ; J., 1922, ^6a. 

V., 1922, 341t. 
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iry^estfgating the micro-structure of coke, finds ttat the ^ell-'y^Us 
are not, as had been supposqjl, more or less solid, but ccmsist rather 
of vel*y fine celll or pores enclosed by vitreoui* carbon apparently 
of a specific gravity of about 1*85. Detailed observation of the 
formation of coke showed that the first stage of the operation 
results in a foam in which each bubble is a self-contained cell, 
but by %nutual perforation at their points of contact a sponge is 
produced through which the gases ultimately escape*’ After a 
time rigidity sets in and gas may only escape from the cell walls. 
Large bubbles can only be formed in a state of complete plasticity, 
and hence the intf oduction of sohd matter which cannot be^absorbed 
breaks the foam and renders the texture dense, but leaves a minute 
pore structure. The belief is expressed that the conversion of the 
vttreous carbon into thin films by the blowing of bni)bles gives rise 
to a verjj large reactive surface, which tends to high combustibility. 

• Work by K. Bunte and A. KolmeD on the temperature of ignition 
of solid fuel also has a bearing on the question. A vertical tube 
filled with the graded fuel was suppoi*ted in an electric furnace. 
A thermo-couple w^as suspended in the coke,* and air at a regulated* 
rate passed through. A sudden increase in temperature showed 
when the coke reached the ignition point. Ignition temperatures 
so det/crmined were for wood charcoal, semi-coke, gas-coke, and 
coke-oven coke, 252°, 895°, 505°, and 640° C., respectively. 
Increase in j^hc velocity of the air-current or in the oxygen •con- 
ceijtration reduced the ignition temperature. It was further found 
that there was no traceable relationship between the ignition 
temperature and })orosity, but that the former depemled rather 
on thelsize of the coke and the fineness of sub-di 'Vision of the 
coke partick^ When the low-temperature product was heated to 
800° C. to remove traces of gas, the ignition temperatures remained 
unaltered. 

The presence of closed cells in coke is confirmed by H. D. Green- 
wood and J. W. tJobb,*^ who have determined the specific gravity 
of the coke material and all cells, of the material and closed cells 
only,*and of the material itself. These determinations made on 
coke formed at various temperatures from the same coal were 
examined, when it was concluded that the initial cell formation 
is first set up with thick walls of soft iqaterial of low specific 
gratuity ; between 550° and 850° C. the mass as a whole shrinks 
anc^the cell walls become thinner and strongei* the porosity at 
this stage reaching a maximum. Above this temperature the 
masShrrdens and contracts. Apparently, owing to the presence of 
closed cells, •or possibly of cells of extremely small size, H. J. Rose* 
• • • 
u. l^setfach, 1922, Q5, f?92; J., 1923, 132 a. 

* J.f 1922, 181t. See Anderson, Jj% 1896, 20. * . 

• J. Ind. Eng. 1922, 14, 1047; J., .1923, 6a. 
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finds that the specific gravity of the coke material depends 
largely on 'i/he state of subdivision of the powder used and, there- 
fore, suggests grinding the powder till it passes thi^>ugh a 200-mesh 
screen before using it for the determination. In this connexion 
it is of interest to note the ingenious method of A. Schmolke for 
determining the specific gravity and porosity of coke.’ The 
air in ,the coke and its containing-vessel is displaced with carbon 
dioxide. "The carbon , dioxide is removed from the expelled gases 
and the residual air measured. The displacement is said to be 
complete in five minutes. 

The chief difficulty in the manufacture of dense t?okes from caking 
coals lies in the tendency of the liquated coal to swell or froth and 
stick to retort walls. Various methods of overcoming this 
difficulty have, been advocated. 

S. R. Illingworth® and others preheat to destroy the excess of 
liquating matter. The material may then be crushed before it iii 
carbonised in stages. Illingworth’s theory of coking* is not 
altogether supported by W. A. Bone and colleagues,^® who, after 
•further work on the ‘ extraction of coal with solvents and the 
determination of the coking properties of the extracted matter, 
come to the conclusion that the coking properties of coals are 
principally due to the presence in them or formation in them by 
heat of non-resinous substances of cetflulosic origin having fusion 
tem;^bratures below those at which they Undergo rapid de- 
composition. At the same time there is no doubt that the rate of 
decomposition influences very materially the ultimate properties 
of the coke and that by carefully controlling the time factor and 
temperature ‘"very different results may be obtained. In this 
direction A. Roberts gives a long thesis in the form, of a patent 
specification^^ in which the opinion is given that the binding 
material may be distilled off by slow heating and is then not 
available as a bond. By more rapid heating, hydrogen is liberated 
and carbon so concentrated in the residue that a hard firm bond 
is obtained. The rise in temperature must be carefully controlled 
so that the penetration of heat is sufficiently rapid to decoUfipose 
the plastic layer before the liquated compounds have time to travel 
inwards and re-condense in cooler parts. There is also the possi- 
'"hility of the internal destruction of the binding compounds due 
to previous absorption of oxygen. This is of import^ce in feebly 
col^g-coals, but^by suitable control of the carbonising conditions 
the hydrqgen liberated may be utilised in neatralising the efiect 

^'Staku. Eisen, 1922, 48, 1237 ; J'., 1922, 798a. 

• E.P. 170;888 ; E.P. 187,328 ; J., 1922, 283a. 

•.4nn. Bepb., 1921, 6, 47. 

w^»roc. Roy. Soc., 1922, AlOO, 582 ; J., 1922, 240a. 

^E.P. 1^^319 J Oaa World, 192d, Cok. Sect,, May 6, p. 18. Safe U.8.P 
"1,862,^96.; J., 1920, 716a. 
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of oxidation. The ratio of “ disposable hydrogen ” to “ df^po8a1)le 
oxygen ’’ after subtracting Jihe water, should not exceed 58% 
for cbking pui^ses. In or(^r that heat jiiay be imparted 
sufficiently rapidly to coke high-volatile coals narrow ovens are 
•advocated. The mass of coking material per unit of area of 
h^^ting surface should be kept as small as possible, and may 
amount ^o 29-30 lb. per sq. ft. of heating surface. With^silica 
there sliould be provided 3*8 lb. of wall or wall-structure 
per lb. of coal in the retort. 

In many methods of carbonisation advantage is taken of the 
“blending” of woal advocated by the Fuel Research ^Board.^a 
The South Metropolitan Gas Company mix coke- breeze with coal 
dust and carbonise the mixture by waste heat.^® J.* Roberts 
has proposed a similar process.^^ S. R. Illingworthi® blends coals 
of diflPerent resiriic content before submitting the mixture to 
carbonisaTion in* stages. I). Merkle^® blends 60% of anthracite 
slack with not more than 40% of coking-coal and reduces the 
mixture till 85% passes a 40-mesh and 95% a 20-mesh screen, 
4)cfore retorting. « 

Jn preparing coke from non-coking coal F. Lierg” finds that 
the amount of pitch used as a binding agent can be reduced if it 
is dissolved in heavy tar-oil or bitumen of high melting-point. 
A residue (pitch carbon) extracted by solvents from pitch and, 
dissolved in ^heavy - tar-oil -produced a hard dense coke ffom 
non-caking coal. 

Low-Temperatuee Carbonisation. 

The pjospects of low-temperature work cannot be said to show 
improvomentf Although many of the technical difficulties have 
been overcome, and small quantities of excellent household fuel 
have been placed on the market, it has to be recognised that the 
crude oil produced Jiias had a diminishing value, owing to the great 
drop in the price of fuel oil. It may be that future research into 
the composition and properties of low-temperature tar may discover 
valuable constituents, but in the meantime no great return can be 
expected from this product. In respect to the solid product the 
Fuel Research Board, in reviewing the situation, states that 
profitable woijldng must depend on consumers being willing to 

i2e«eorcA Boards Report on Low Temperature Carbonisation i J., 
1922, C70b. • 

“ Sea 1922, 196t! 

T 1922, 169, 27; E.P. 187,336; 

973a.* 

E.P. »86,086 ; 1922, 889a. 

“ U.S.P. 1,497,700 ; J., 1922, ^8fA. 

" Z. migew, Okem,, 1922, 86, 264 ; 1922, 532aii 

Loc. cit. 
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pay a pWce per ton somewhat in excess of that of household coal. 
The third' product — ^high-quality ga^— has usually been used !or 
supplying the neCv^ssary heat roqmred for the oarbonisatioh, and 
has not usually been found too large in amount for that purpose. 
The Fuel Research Board suggests its utiiisation for the purpose' 
of enriching high-temperature gas, but here again the market 
value„per therm must necessarily be less than the price par therm 
into the noldors of the average town supply. Ultundtely it seems 
likely that local conditions will be the determining factor of economic 
success. 

An experimental plant at the Fuel Research Board’s Station 
is described,^* which consists of a series of coal trays superimposed 
on shelv^js in an elevator, which can be moved vertically in a 
gas-tight carb^mising chamber so that each tray in turn is brought 
opposite to an opening into the chamber outside the Ij^ickwork, 
by whi(;h the tray may be withdrawn, the coke cakes dropped into 
a cooling chamber and a fresh charge introduced. Work is pro- 
ceeding in the direction of making the plant entirely automatic. 

V The products (ionsist of about 3500 cub. ft. of about 1000 B.Th.U. 
gas, 13 to 17 gallons of crude oil, and 14’5 to 15-5 cwt. of coke cakes, 
with 4-5 to 8*5 lb. of sulphate of ammonia per ton of coal. 

Many mechanical arrangements for moving or stirring the 
carbonising mass have been suggesti^d, such as rotary retorts with 
mechanical stirring gear,^® retorts with revoking central shafts,^^ 
or scraper gear.^^ The Everard-Davies system secures rapid ^leat 
transmission by a combination of external and internal heating. 
Twin retorts 18-36 in. thick are placed on either side of a central 
perforated gas duct with external heating flues orb the far sides. 
Triangular-shaped fl\ies are used from which a pjjrtioh of the 
waste gases may be passed to heat the retort internally.^* 

The use of an atmosphere rich in hydrogen (60-70%), with or 
without superheated steam, is claimed to give higher yields of 
sulphate and oils. The gas rich in hydrogen is produced by cracking 
the medium or heavy portions of the oil in small iron tubes.** 
Internal heating may be effected by the use of low-ptessure 
superheated steam. In order to avoid contamination in the 
recovery of the sensible heat of the outgoing gases, fresh water is 
evaporated in heat exchangers to make up for condensation, and 
may be superheated before introduction into the retort.** 

“ hoc. cit. Sw K.P. 178,994 ; J., 1922, 4.'56a. ^ 

»»F. D. Marshall, E.P. ; J., 1922, 93()a. 

" H. P. Hird, E.P. 184,525 ; 1922, 159. 653. 

C. J. Goodwin, Oas J., 1922, 168, 624 ; J.y 1922, 680 a.o 
“ W. Evorard Davies, Oas /., 1922, 158, 447. 

«* J. Moeller and L. de Fonblanque, ^^.P. 174,165 > J.,ci922, 167a. 

, « Merz and M<;LeSMi, W. T. 5 Jttomley and E. G. Weeks, E.a 171,90% 
175,880, 176,149 ; J., 19^2, 48a, 279a. 
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An® interesting proposal is to force powdered coal fpd through 
lorizontal cylinders to desgend a vertical retort in shower so 
bhat®it become# heated to 4(p®-700° C. Th»>* retort is oblong in 
section, and is provided with internal corrugations.*® 

The proposal to pass powdered material through molten metal 
baths either at the same or different temperatures, so that the 
ieating«is accomplished in stages,*^ is fascinating, but the separation 
the residife gvould seem to offer more dil^culty than in the case 
Alien the material is liquid.*® 

The possibilities of electrical heating for gas production are 
liscussed by A# Helfenstein,*® but the economy of tljp project 
jeems dependent on the existence of otherwise waste electrical 
power. The current consumption is estimated at 1*1 *to 1*3 kw. 
pt^ir cubic metre of gas made. # 

Another proposed method^® consists in suspending powdered 
toal in ai. ■ It ra fftated that the products obtained from a mixture 
bf coal and oil are more valuable than those resulting from the 
decomposition of each sej)arat<5ly, owing to the fact that the cracking 
of the oil is more perfect, as by reason of its surface tension, the* 
oil adheres to the coal at temperatures above its distillation point. 
The pasty mass obtained from the Trent process of separating 
water from oil and tar emulsions would seem to lend itself to this 
method of treatment and can be usefully carbonised by mixing 
the mass with more oil and forcing the mixture through an dkter- 
nally-heated* coiled pii>e.®* 

Peat, Lignite, etc. 

The llevelo\)raent and utilisation of our peat deposits are the 
subject of a^leport of a Commission of Inquiry,®* in which is given 
a general review of the subject. While high-temperature treatment 
is considered to offer the greatest possibilities the large proportion 
of carbon dioxide ,(30%) is a great drawback to the yield of 10,000 
cub. ft. of gas obtained per ton of peat. G. Keppeler reviews 

A. Yeadon, E.P. 185,684 ; J., 1922, 851a. 

^ T.I.C, Research Co., Ltd., A. McD. Duckham and J. S. Morgan, 
E.P. 176,438, 183,180 ; J., 1922, 316a, 700a. 

S00 (39* 

Z. angew. CJiern., 1922, 85 , 73 ; J., 1922, 20^a. 

Trent I’flDcess Corporation, E.P. 159,142 ; J., 1922, 453a. 

J. D. Davis, P. B. Place and G. S. Scott, Chem. and Met. Eng.t 1921, 
85, KB2, 1131 ; J., 1922, 92a. See also J., 1921, 615a, Aid J. D. Davis and 
C. E. Coleman, Chem. and Met, Eng., 1922, 26, 173 ; also J. A. Chown, E.P, 
173,909 : J^., 1922, 132a. , 

»W. E. J^rent, E.P. 159,497 ; J., 1922, 243a. See J., 1921, 684a j 
SpcAiial Report No. 1* Fuel Beseech Board^^ 1922, and R. L, Brown, Chem, 
and Met. Eng., ^922,, 26 , 363 ; d., 19*2, 241 a. 

“ Ga» J., J922, 168 , 666. > - . 

»* Brennskfff>Chem%Ji922, 8, 237, 249, 26^; J., 1922, 847a. 
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methods V)f removing water from peat Hiifiiciently to render^it of 
economical ' quality for carbonisation^ and other purposes, and 
while the eompressrf^An of the wet ^pcat with a Jyreviously dried 
portion (30% of watx*r)=*^ so as to obtain a product ciontaining about 
50-60% of water offers advantages, the future develoj)ment is 
considered to lie rather in tlu^ direction of imiehanical winning, 
follow'qd by stack drying. Tlu^ water-holding (lapaeity ^is also 
discussed by Wo. OstwakP" from the colloid ]>omt /)f<view , and a 
process of steaming under pressures followed by furth(*r ju’essing 
is suggested. 

Lignite^ and brown coals are d(‘alt with by W* A. Bone,“’ who 
refers to the interesting proce.ss of “ up-grading ” Avhieli consists 
in a preliiftinary heat treatment at a temperature of C., 

when a (ihemicf*! (iondensation occurs witli elimination of one-third 
of the total oxygen, one-tenth of the liydrogen, and only one- 
thirtieth of th(‘ carbon. Hence a residue is lelt whiclx, Avhein 
carbonised, produces a fuel of fair (uiloritic value. 

In furth(‘r work of tlui (Canadian Jiguite Board good results 
W'cre obtained by rapid carl)onisation at liigh temperature, a > 
similar ju’oduet being obtain<‘d to that from slow carbonisation at 
low temj)erature (590" C.). The by-products are small in quantity, 
and of little valium. 

A simple form of carbonising ])lant^s d(^scrib(Kl by H. Stanstield.'*'^ 
It is^said that a mixture of 30-40 ])arts of pulveris(‘d blaidc p(‘at 
(35-45% of water), 8-10 ])arts of ])owdere(l jiitch, and 80400 parts 
of small coal gives on carbonisation a hard nu'ta-llurgical (*oke of 
low sulplmr content.'^® 

Catibonis.\tj()]^ jn Gas Betohts. 

In recent years thert* has been a tendency to introduce large 
horizontal retoit units capalile of dealing with a ton of coal in a 
12-hour charge. The high temperature necessary in the combustion 
chambers (1400° C.) to carbonise the coal efficiently, particularly 
in the case of Durham coal, brings an undue strain on the settings, 
and there is some inclination to be satisfied Avith charges amounting 
to about 15 cwi-. per 12-hour charge, although this naturally depends 
on the coal used. The time taken for the heat to penetrate to the 
centre of the charge has been show n to be greatly inflaencod by the 
chemical composition of the coal. To compensate for the slower 

H. Caro! Chem. Zentr.,^m. 92, IV.. i;i47 ; J., 1922, tHA. 

Kolloid^Zcits., 1921, 29, 316 • 1922, 30, 119, 187; J., 1922, ' 318a, 
319a, 972a. 

J., 1922, 126r. 

R. de L. French, J., 1922, 16t. ' , 

' . »« E.- Stansfield, E.U 177,588; 1922, 3G2a. 

17£r,g(H.J. W. Leadbeater*E.IV172,199; J., 1922, tGA. 
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penetration higher carbonising temperatures can be ijsed within 
certain iimits, but althou^i the quahty of gas maj)? be better, 
\'olufiK‘ for voliftne, owing to ^^^hc more rapid «^oIution of gas, the 
a\'(Tage quality is much reduced by secondary decomposition. 
Oxi(hs(‘d or slightly caking coals are found to be capable of rapid 
carbonisation compared with those caking coals which give heavy 
plastic Jayers during distillation. The etfeet of the physic»il con- 
dition of tlu»c*.«i<'il on the results obtained by carbonisation discussed 
previously" are further investigated with the help of a coal-testing 
plant/- and an increase in the rat(? of carbonisation (‘tTected under 
tlu^ same combiistion flue tnmperaturc, by regulation the size 
f)f tlu* coal, is found to give considerably increasetl th(U’mal yields in 
gaseous form. H. Tindak^ also finds that small coal upsels the heat 
t‘gulation of tlu^ settings, and yiidds less gas.'-* The throughput 
n V(*rti(^al retorts (l(M!reascs in the order of about 2% for every 
1 % inc rease in* the weight of one cubic foot of the coal used, 
fn tiie case of Jiorizontal retorts a charge of cn\ t. of large crushed 
•oal, occupying ,‘}() cub. ft., was easily carboniscnl in the time given, 
vhile tlu' sam(‘ volume wedghing 14-5 cwt. was not only far from* 
•arbonised, but requiied extra heat, which, unless sui)X)lied by the 
ise of extra fuel, resultc^d in a drop of temiierature in the setting 
of 100' ^ 

Tile actual lu'at value of fhe clecomiiosition of coal has not yet 
becMi conclusivcdy established, although K. 8iclm/^ argues ‘that 
as the fhermal lessees in normal large-scale imicticjc are equal to, 
or somew hat less tban, the theondical obtained by calculation there 
must lx* heat liberated in thc^ coking of coal. 

An ii|struc^ivc detailed jiaper by J. 8. Thorman*'* describes a 
very g(^)d method of samjiling coal on a large scale. To reduce 
loss ill working jiroduccr furnaces of the step-grate type, which 
have a tendency to jiass a large quantity of unburnt fuel, the 
jian-ash is returned to the fire after drawing, and before charging 
up with fresh fueh A more common practice is to withdraw the 
ash from the base only, pushing the chnker and ashes between the 
ujipeiibars back into the fire. Thorman considc‘rs that the grate 
area should be 1*5 sq. ft. jier ton of coal carbonised pt*r day with a 
depth of fuel bed of at least six feet when using larger coke. The 
heat exchange between waste gases and secondary air is usually 
very pvior, burf) may be considerably increased by a tubular system. 

If.,, very seldom that a completely new gasworks is erected on a 
new* site, and the Results from the new installation of vertical 
retorts with waste-heat boilers and the purifying plant at the 
1921, 6 , 49. 

^ (1. Wk^yman, J., 1922, 158, 864 ; 1922, 632a. 

« Gas J., 1^2, 157, 31. »» 

Bwnnstoff.Chem., 1922, 3, 209 ; 3^, 1922, 658/ 

Qu8 j., 1922, 158,^27 ; J., 1922, 319a. 
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Ec^e Street Works at Carlisle, will be watched with great interest.^* 
The steamhig of vertical retorts is finding extensive application, 
although the advanviages vary considerably with the capacity of 
the particular coal used for forming an impenetrable plastic layer. 
The movement of the coal down the retort gives the system, how- 
ever, great advantages over the horizontal-retort system where 
steamwg is more or leas restricted to the period when the. charge 
is coked, and proper contact is difficult to attain Experiments' 
made in America do not favour the proposition in horizontal retorts 
unless the plant is working below full load.^’ 

The use of air introduced at the base of vertical retorts to generate, 
internally, heat required to assist the production of water-gas by 
steaming, is claimed.^" 

The recent tendency has been to reduce the seals of hydrauKo 
mains to a minimum. C. Carpenter suggests an arrange^nent for 
altering the liquor levels so that retorts may be sealed or unsealed 
as desired. 


Combined Plants — Complete Gasification. 


From steaming in vertical retorts ft is but a step to the considera- 
tion of the very large number of propolis which have been made 
for ^fleeting complete or partial gasification. Q’he independent 
generation of blue water-gas and subsequent mixing with coal gas 
has led to the close combination of the two plants, the blow' gases 
from the former being lead into the heating flues of the latter.®® 
Or, as in the “ Rincker ” plant, one of two twin generators may 
serve alternately for the carbonisation of the coal and the gasiflcation 
of the coke.®^ The blow gases are used for generating steam, and 
after passing through one generator the gases produced pass down- 
wards through the other generator which contains freshly-charged 
coal on top of the residue from previous working. A more compli- 
cated arrangement consists of twin generators with regenerative 
linings and a retort superimposed on a third generator.®® 

In another type of plant a vertical retort is superimposed on a 
single generator. ®^ The run gases produced by steaming the coke 
in the generator are passed through the retort to help in carbonising 


,T. E. Blundell, Oas J., 1922, 160, 94. 

W. A. Dunkley and R. D. Leitch, U.S. Bureau of Mines, Qas J.,^ 

IS?; 443. 

••Wbpdall, Duckham and Jbnes (1920), Ltd., and A. McD. Duckham, 
fi.P. 186,461 ; J., 1922, 848a. 

« E.P. 176,891 ; Jm 1922, 361a. 

M J. Lowe, E.P. 149,928 ; Gas J., 1922, 160, 324 j J., 1922,. 699a. 

'®»P. Gi^gory, Qas J., 1922, 169, 4C3 ; J., 1922, 738a. , 

5ij. F. Simpson, l^P. 179,643^ 7., ite, 493 a. 

Stradhe system, A. Bl«isig, Gas- u. Waaserfaph, 1922, 66 , 509. 
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the c6al, which is also heated by the blow gases passing found* the 
retort in external flues. A ^edification consists in using the heat 
of tife blow gas^s to crack th^ hydrocarbons ijtto permanent gases 
in an annular space around the top of the retort.^* 

By gradual stages one may pass to the typo of plant in which the 
generator is enlarged so as to include the retort. As a rule such 
plants do not appear to work well with strongly-caking coals*as it is 
difficult to matotain the carbonisation and, gasification zones dis- 
tinct. The Maclaurin plant®® can produce smokeless fuel, accom- 
panied by fair yields of oil and 25,000 to 30,000 cub. ft. of about 
250 B.Th.U. gas.*' The Moore system appears to be a de^jplopment 
of the Tully plant in which heat is generated by internal combustion, 
so as partially or entirely to gasify the fuel.®® “ 

*A combination of methods is also proposed, in vjhich crude gas 
of low ijuality ,is heated by passage through incandescent coke, 
and then used to carbonise coal in a retort so as to produce an 
enriched gas and a domestic fuel.®^ 

E. Fleischer®® suggests a shaft furnace for j)roduc;ing metallurgical 
coke by carbonisation, effected mainly by the heat of “ carrier 
gases. In order not to interfere with the yields of coke the beating 
gases entering at the base must contain little or no water vapour or 
carbon dioxide, but in the upper part of the furnace air and steam 
may be admitted vnthout detriment, so long as the temperature 
does not exaced ()0()"’-8()0° 0. • * 

An ingenious arrangement®® combines steam raising in an ordinary 
boiler with by-product recovery. The boiler, fitted with a chain 
grate stoker, is started up in the usual manner. Al^ tfie back of 
the sm(Jke-bo± is a small vertical distillation retort, with hefical 
feed. As sotfn as the necessary temperature has been reached the 
chain grate feed is reversed, and the carbonised fuel discharged 
from the retort is distributed over the grate. The gases from the 
retort are used for .by-product recovery. 

A modified form of Tully plant may be used to produce hydrogen 
for s^thetic ammonia manufacture. Coal is distilled and the 
crude gas passed through coke at 1000®~1 100° C. to decompose 
the hydrocarbons. The carbon monoxide is converted into carbon 
dioxide and additional hydrogen generated by reaction with steam ^ 
m the presonc^e of a catalyst.*® , 

B. F. Murray, E.P. 185,887 ; J., 1922, 849a ; Gas J., 1922, 160, 435. 

« Gas J., 1922, 168. 325 ; E.P. 182,648 ; J., 1922, 6^a. 

*•8. Moore, Oas World, 1922, 76, 360. 

Helps, E.P. 181,403, 181,404, 181,665 ; J., 1922, 579a. 

'®* G.P. 29a>085; J., 1920, 622a; E.P. 154,938 ; cf, E.P. 152,650; J., 
1922, 168a. « «. 

*®T. O. Wilton, E.P. 178,952; J>, 1922, 464a. 

* •* J. Ja. West and A. Jaques, E.P.V81,062 ; J/ 1922, 679a See also 

OAs J„ 1922, 169, 706 ; V., 1922, 393r; JE.P. 1,88,494; 1923, 46a. 
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A warfling note is struck by H. Nielsen,®^ who explain^ that 
complete ot partial gasification can hpdly he more efficient than 
modern produccr-ga^;, practice and tl^at some of extreme claims 
put forward recently must be treated with reserve. ' 

Water-Gas. 

In oidej' to increase th(*ir luipaeity, water-gas plants are some-,* 
times used for e(>m])Ieto gasification, coal being 'substituted , in 
part, or entir(‘ly, for coke. Certain jirecautions have to be taken. 
There is fjertainly one advantagi; in using a mixture of coal and 
cok(^ an(/ that is tJiat th(> gas approximates mori^ in eomjiosition 
and jH’operties to coal gas, and is therefore easily mixed for town use. 

A more novel ])roposal is to enrich the wabr-gas liy introducing 
powden^d coal ftiispcnd(!d in a gas stream into the top of tin* gener- 
ator, wlure th(‘ b'uijMTaturc^ is brought up to labout F. 

(1090° C.). Th(^ dust ]>articli‘s are carbonised by the heat of the 
upward rising gas(*s and th(‘ coke particles formed agglomerate 
and are said to sink on to tln^ surface of the find bed.®-^ ^ 

The reactions takiiVg place in water-gas geni'ration recei^'e the 
attention of S. Kohii,®'* and of H. S. Taylor and H. A. Seville. 

In tin; inv(‘stigations by the last-naiin‘d workers, steam was ])assed 
over charcoal mixed with various catal^'^ts at a temperature of 400° 
to 570° (k to study the reaction ( ■-fSHaO---- COo-f 211... Sodium and 
potassium (uirbonabvs w(‘re the only catalysts found to *1)6 elective ; 
iron oxide in particular seemed to be impotent. The latter, is 
known to ex(;rt a catalytic influence on the wat(‘r-gaR reaction 
C+HbO- €0 1 H 2 , so that it was considered that the I'ffei't of the 
alkali carboiiates was due to an acceleration of" the Veaction 
C+CO 2 - ■ 200 in this way influencing the reaction tfirst studied. 
That tliis was jiossible was shown by indejiendent experiment. 

A further detailed report has been made by the Gas Investigation 
Committee of the Institution of Gas Engineers®® on the working 
of a carburettc‘d water-gas plant with particular reference to the 
use of waste-heat boilers. With an output of about million 
cub. ft. of 483 B.Tli.U. gas, about 35|lb. of coke and 1*8 gallons 
of oil W'Cre used per 1000 cub. ft. of gas made. The wRtcr evaporated 
from the WRste-heat boilers by the “ blow ” gases was 70-80 lb. 
per 1000 cub. ft. of gas made, from and at 100° C., which, in certain 
tests was more than sufficient for plant requirements. ‘ Heat, w^.ter, 
and carbon balances are given. The efficiency was found Ij^o be 

« Ga,s 1022, 167, 257. 

« W. W. Odell, lUS. Bureau of ^lines Tech, Paper 284, 1921 ; J.,* 1922, 
492a. 

« Fuller-Lehigh Co., E.P. 1.71,079 ; J., 1922, 974At 
J, Jnd. Eng. Che.m., 1922, 14, 7U , 

M J. Amlfir. Chem. Voc., 1921, 4^' 2055 ; J., 1922, 141a. 

^Seventh Report, Goa ^.,.1922, 158. 805 ; J., 1^22, 5.32a. 
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69'7%, including recovered coke from the ashes, and wduld have 
been about S-5% less had tlj^i steam been generakid ext^nally. 

making tlhi “ blow ” and “ run ” periodj^* equal, G. Vigreux*’ 
is enabled to use two units for continuous gas production. The 
waste-heat boilta* assists in automatic adjustinont of the conditions, 
as the greater the heat value of the blow gases the more steam is 
raised tio be passed siibst'quently to tlu^ generator. ^ 

Vignou’s A"s*ilts®” as to the production of methane wheiiH water-gas 
is* heated vith sli*am in the presence of linn^ have not been 
confirmed. 

A ])rocess in ^vliieh suptaheated sh^am and oil are passed over 
ctectri(;al heating elements coated with refractory material which 
functions as a catalyst'*^ is said to produce 1000 t?ub. ft. of 
B.Th.U. gas from JMO gallons of oil, which is ab^ut 1 J times the 
tJi(‘r-mal^yield ]jer gallon of oil usually c‘X})(Tieneed in carburetted 
•\\ ater-gas niaimfacdure. 

The ])roeess of Salaitier and Mailho for cracking oil in presence 
of a metal catalyst is d(‘scribed by 1\ Mallet.'^ IhTorts for cracking 
oil ar(‘ covered -with a coating of copper, fn a trial of a plant at 
Brussels’- consisting of an installation of six retorts heated by tar- 
buriKTs. the liquid portion of th(‘ products is condensed and distilled 
for motor spirit and uneracked oil, and th(‘ uncondensed gas of 
high calorific valin* ustnl to enrich blue wat(T-gas or compressed 
for railway lighting. It seems very i)robabl(‘ that irnpioved 
nudhods of *oil-eracking for carbiiretting water-gas will come into 
use. 

The presence of iron carbonyl in water-gas has ^)ften been 
observi|d, bi^t some striking effects of depreciatioti of lighting 
ea})aeit^ of ^ incandescent mantkis, owing to deposition of ferric 
oxide resulting from tln^ decomposition of iron carbonyl, are 
described by H. Bunte and E. Terres.’-* The formation of iron 
carbonyl incrcjuses rapidly with increase of pressure, but is com- 
pensated by increase in the rapidity of decomj)osition with a rise 
of temperature to over 200° C.’* Reference may also be made to 
a special case of trouble due to iron carbonyl reported by H, B. 
Brown.^® 

Gas J., 1922. 159, 5.11. 

Ann RepUi,, 1921, 6, 60. , 

•• H. Troj^sch and A. Sehellejiberg, Bremmtqff-Chcm.y 1922, 3, 33; J., 
192?, 166a. 

•‘♦Van Steenbergh. Gm J., 1922, 158, 208; U.S.?. 1,407,339-40; J.i 
1922, 321a. 

Gas J., 1922, 159, 475 ; J., 1922, 739a. 

’*M. G. (i)une, Gas J., 1922, 160, 34. 

Oasm. Wasaer^ach, 1922, 65, 145 ; J., 1922, 241a. 

R. L. Hand and A. E. WalU% Trans. Chem. Soc., 1922, 121, 29 ; J., 
• 1922 IMa. 
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Coke-Oven Peactice. 

t , 

Comparison of ilmerican and British coke-oven practice has 
given rise to considerable discussion.’ ® Conservatism in this country , 
seems to be largely due to the attitude taken up by the iron and 
steel manufacturers, who still appear to give beehive coke preference 
in thefinarket and regard this quality of coke as more or less of a 
standard/ The American coke is reported to be ‘shorter and. of 
inferior appearance, but as in the American blast-furnace practice 
it is becoming customary to grade the coke to a size loss than 4 in. 
in diamqt^r, in common with other materials, *the smaller size 
of coke produced in that country does not appear to be dis- 
advantageous. The coal used for coke production in America 
is high in vola/ale matter (35% or even higher) and is carbonised 
in a shorter period (about 18 hours). The Ame,ncan ocens are 
narrower, but greater in height and length, measuring 15-18 in. 
by 10-12 ft. by 38 ft. The materials used for construction are 
almost invariably of 95% silica contemt, while the temperatures ^ 
<of the flues run as high as 1350° C. The coke is sold on a 2J% 
moisture basis and almost always quenched in central stations. 
The yields of by-products are quite as high as those in this country, 
while the surplus gas often amounts t^ 60% of the total. 

A description of ohe Koppers system, more used in America 
than^ in this country, is given by C. E. Wallin.” The ovens, con- 
structed of silica material, have stood well for some three and a 
half years, carbonising coal with 11% of moisture. A feature of 
the installlition is the attention given to automatic control and 
the use of recording instruments. f 

The dry-cooling of coke and recovery of the sensible heat by 
circulation of waste gases has been tried over a period of 17 days, 
when 23*6 tons of coke per day was cooled and a total of 9 '4 tons of 
, water at 50° C. converted into steam at 94 5 lb, pressure per 
sq. in. The average specific heat of coke with 10*5% of ash was 
found to be 0*333 between 18° and 800° C.’® 

u 

The supply of coke-oven gas to Middlesbrough is now well 
established. The supply is -taken from 46 ovens of the Otto 
regenerative type, each dealing with tons of coal per day. 

Duplicate mains are urod for separating the richer portion of the 
gas, -which has a calorific value as high as 570 B.Th.U. In<^the 
seven years of -working there have been three partial stoppi^ges 

A, H. Thwaitos, G. A. Hebden and others, Gas Worlds 1922, 76,®Coifc, 
Sectf Mar. 4, p, 10 ; June 3, p. 14 ; Aug. .5, p. 10 ; c/. J. BeeJeer, Chem. ortd 
Met. Eng., 1922, 27, 875. 

1922, 298t. ‘ e 

« P. Sdhlapfer; StafAu. Eisen, 1Q‘'2, 42^ 1269 ; J., 1922, 798a. vSee also 
51, WHT>derlich, Gas it. Wa^erfach, 1921, 64, 703 ; J., 4922, 90a. 



67 


• GAS — DESTRGCTIVK DISTILLATION — TAR PBSdUCTS. ? 

♦ c • * 

and oife complete stoppage, due chiefly to strikes.’* At Wfllingfon, 
Co. Durham, a lecal area is supplied from a coking plant -Comprising 
120 Semet-Solvfity waste-heat , ovens. The richer portion of the 

gas for tovTi supply is here separated by taking a portion of the 
•gas into a holder during favourable times. The calorific value 
over a period of two years is given as 476-479 B.Th.U.®* 

J. F. •O’Malley describes a system in which blue water-gas is 
* ‘Vised for heattng^the coke-ovens, thus liberating the richer coke-oven 
gas* for town use.®^ 

Tab, Benzol, and Naphthalene Recovery. 

Very little can yet be said of the practical possibilities of frac- 
tionally removing the tar components from gas. ^ Investigation 
of the su^'ect is being pursued mainly in connexion with the mixture 
of vapouS arising when the condensed tar is redistilled. Mathemati- 
cal treatment of problems of condensation is given by B. F. Dodge, 
and by W. G. Whitman and J. L. Keats. 

A CottroU precipitator has been used befevre the condenser of a , 
wood-distillation plant in order to separate pitchy matters which 
might contaminate pyroligneous aeid, but the idea of electrical 
precipitation of tar fog has not, so far, attracted much attention 
in the carbonising industries. 

The simultaneous removal of naphthalene and recovery of 
benzol posso^es considerable advantage in the way of economy. 
To secure immunity from naphthalene stoppages it seems to be 
imperative thoroughly to scrub the gas with a suitable oj}, so as to 
reduce t^ie naphthalene content to less than that corresponding to 
saturation at tlie lowest temperature experienced in the gas mains. 
According toTf. S. G. Thomas®^ this will be no more than 0-8 grain 
per 100 cub. ft. at 0° C. for moist gas. While it is not clearly 
established, it appears that coal gas prior to the oil- washing plant 
may carry naphthalene mechanically far in excess of that corres- 
ponding to saturation at the existing temperature, and thus 
oil-waii^ing plants eliminate very much larger quantities of 
naphthalene than might be supposed. 

The suitability of a wash oil is shown*® by passing a regulated 
current of air first through crude benzol, and then through a portion 

’*0 F. BlinVjoe, Qas World, 1922, 76, 378. 

^T. Nicholson, Oaa World, 1922, 76, Cok. Sect., May 6, p. 14 ; J„ 1922, 
431a.* ^ • 

Ch&n, and Met. Eng., 1922, 27, 76. 

Ind. Eng. Chem., 1922, 14, 106J; J,, 1923, 38a. 

1962, 14, 186 ; J., 1922, 315a. 

®U.. P. -Hawley and H. M. Pier, Chem. and Met. Eng., 1922, 26, 1031 \ 
J., 1922, 496a. • 

• ®®J., -1916, 606. 

’ *®F. Paanertz, Gaa.*^. WoBaerJach, 1922, 66, 113 ; J'., 1922, 241a, 




of ‘the A^ash oil, finally estimating any naphthalene which Inay be 
given off from the wash oil with picric acid solution. 

The South MetA;(j)])olitan Gas Company do n^^t recover ^oenzol 
but Avash tin? gas Avith anthracene oil, previously steam-distilled 
to reduce its naphthalene content to (>-8%, at the rate of 15 gallons* 
of oil per million cub. ft. of gas.*^’ 

hij^the cas(i of concerns Avhich regularly juoduce carburetted^ 
water-gafi, J. Parker pi'oposes to use the water-gj?,s 'oil in the 
place to wash the coal gas free from jiaj)hthal(‘no, and afterwards 
use the oil for (iarlmretting the water-gas in the usual way. The 
naphthi^(*ne is thus larg(‘ly tran.sferred to the A\tder-gas tar. while 
the town gas contains only that naphthalene (from () to 8 grains 
per 100 cJub. ft.) jnescait in th(^ water-gas. 

In the con%!(‘nsation and separation of ammonia, btUiz(‘n(‘, and 
ethylene, C. StilP® fnn^s tlu' g}is from tar fog, an(\ then C4;>mpresses 
to 100- 200 atmosph(‘res, at the same time eooling to the original 
temperature in tln^ pnvsenee of physical and clnunit^al absorbents. 

Gonsid(‘rabU‘ attention has been ghen to the us(‘ of charcoal and 
active carbon as absorl)ing agcuits. hlxjHTimcmts made by F. 
Fischer and colleague's®® showed that active charcoal in cylinders 
abs(.)rbcd considerable quantities of the riehcT ecmstituc^nts of coke- ' 
oven gas undt'r compression which cc^iskl aftcrw’ards be withdrawn 
in thci form of gas of high calorific value (710-2237 B.Th.U. per 
cul). ft.) by relciasing the ])r(‘ssur(^ and heating. A, Engelliardt®^ 
describes an cxperimc'ntal plant for thc' recovery of benzol by 
absorption in charcoal as suggested by K. Bunte, consisting of 
duplicate*' filters containing the carbon is small granule's. The 
carbon must be sulliciently active to absorb up <to 25^/o of its 
AATight of benzol from air, carrying 70 grams per 100 cub. ft. at 20^ C. 
The gas is passed downwards through one filter till a trace of benzol 
shows at the outlet, when the gas is diverted to the other. The 
saturated filter is then steamed until the carbon reaches a tempera- 
ture of 120” (\, when it is left ready for further use. The benzol 
separated from the condensed products is of n(;arly 90% quality. 
The outlay is considered to be less than for oil-washing ‘plants, 
while the maintenance is very much less. It appears evident, 
however, that the success of the process will depend largely on 
the prior removal of„tar fog, which ruins the carbon. The best 
activated carbon is too costly for the purpose, but a quality pref)ared 
from lignite might be suitable. 

« E. V. Evans. Gas J., 1922, 167, 373. 

« Gas '■World, 1922, 77, 236. 

8* E.P. ‘147,737 ; J., 1922, 167a. 

F. Fischer, H. Sclirader and C. Zerbe, BrenmtaJ’Chem., 1922, 8, 146 ; 
J., -.1922, ‘451a. ^ ^ , • 

A.. Enkelliarijlt, h'm u. Wametjach, 1922, 66, 473 ; J., 1922, '^SOa. 

^ F. Fischer and colleagues, Brennatoff-ChGm.^ | ^22, 8, 241 ; JT., 1922, 861 A. 
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E. Bferl and K. Andress use the charcoal process for tlfe del^r- 
mination of beniol in gas.®^ Bahr prefers to expel thft absorbed 
vapouVs by superlieated steam, jv^hile the saturated carbon is heated 
to 160 -170'' C. by an oil jacket.®^ 

* Tfu' influence of n ater®* and tJio heat evolved in the absorption 
of gases by charcoal”" have been investigated. The work of 
W. 11. Harkhis and 1 ), T. Ewing”’ is particularly interesting, 

" inul may be (foiwtrasted with the observations recently made of the 
inlliuaicc of structure on the coml)Ustibility of cok(\ 


AMMONIA AND AmMONJUM HuLPHATE. 

.lnv(‘stigation into th(‘ }H)ssibility of iiicri'asing tlie proportion 
of nitrogen recovered as ammonia is being ])ursued. . E. FoxwelP" 
in an elalforate ]HiX)er disemsses the thermal dissociation of ammonia 
w ith juirticular reference to coke ovcais. Tlie ra t(‘ of the bimolecular 
r(‘acUoJi 2 NH 3 j No— .‘IH^ does not increase vtuy rapidly with rise 
jn t(‘inijerature, but the struetuiH* of tlie mat(*rial in contact with 
tlie gas (size of yiore rather than porosity) influtmees the reaction. 
The clieniical composition of the mab^rial in contact with the gas 
is also of importance, es])(‘eially in resjiect to the pi-esimise of iron 
as iron o\idt‘, which considiTably acc(‘ieratcs the- decomi)osition. 
Tame also exerts an influence in this direction, but as it assist^ in 
th(‘ liberatioit of ammonia from the carbonising coal in the first 
])lac(*, its xiresenee may lead to an increased recovery. Sodium 
chloride also decn^ased the rate of decomposition for Ipw values 
of the ratio HCl : NH.,, but the possibility of an increiised amount 
of iron bjing uftimately liberated as ini'tal or oxide may comxiensate. 

A. Monlfliouse and J. W. Cobb,”® report the results of further 
(‘xperiments in tlie liberation of nitrogen from coke in various atmos- 
jiheres. By jirolonged treatment with hydrogen at temperatures 
u}i to 1000 ° C., 68 'Ji% of the nitrogen in coke carbonised at 800° C. 
was obtained as ammonia. By gasification with steam the w’hole 
of the^ nitrogen w^as obtained as ammonia. 

The possibility of loss of ammonia by oxidation during carbonisa- 
tion is investigated by H. D. Greenwood and H. J. Hodsman,^®® 
and the general conclusion is reached that oxygen admitted into the , 
carbonising chambers combines preferentially with gaseous hydro- 

angew. Chem., 1921, 34, 278 ; J., 1921, 536a. 

•• H. Bahr, Ch^m.-^eit., 1922, 46, 804 ; J., 1922, 803a. 

H, Herbst, Biochem. Zeits., 1921, 118, 103 ; J., 1921, 877a. 

jS. McLean, Trans. Roy. Soc. Cavpday 1921, 16, iii., 73 ; J.^ 1922, 357a. ■ 

w J, Am^n^Chem. Soc., 1921, 48, 1787; J., 1922, 87a. 

®» J., 1922, 114t... 

‘•® Oas J., 1922, 168, 828 ; J.., 1952, 532a. 

»»® Jn 1922, 273t. See also Gas Wbild, 1922, Sect.;Feh. 4, p. 10 ; 

J?, 1922, 166a. 
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^rbons;' and does not oxidise ammonia, but a certain loi^ of the 
latter maly arise through this internal combustion causing local 
high temperatures .'v , ** 

More attention is rightly being given to the design of distillation 
plant dealing with ammoniacal liquor. P. Parrish^®^ clearly 
shows in what direction improvement can be made and gives 
heat tbalancos pointing to the excessive steam consumptlbn often 
experienced. E. Piron also makes a valuable •^contribution.^®-* 
The design and efficiencies of various columns are discussed by 
W. A. Peters^®® and W. K. Lewis.^®^ 

Li th* manufacture of ammonium sulphate ti. Singer removes 
tarry matter from mother liquors by supersaturation with 
ammonia and liltration tlirough sand.’®^ Pyridine ds recovered 
or eliminatc^d’ from the salt by a process involvihj the use of 
two saturators.*®* < 

The •production of neutralised salt reaeh(‘d to over 50% of the 
total sold in Novemb(^r and is likely entirely to displace the older 
acid qualities.*®’ In most cases the neutralisation is accorapaniedr 
by processes for drying and screening the salt which result in a 
substantially dry, friable matepial containing about 25*5% of 
ammonia. In some cases the meclianical reduction has been too 
severe and the dusty flour-like powder resulting has been objected 
to by consumers. 

Considerable activity has been displayed in evolving fresh 
methods of neutralising and drying. T. Johnson*®* finds that it 
is impossiVlc to reduce the free acid to below 0*025% with less than 
2J gallons of water per cwt. of salt, and uses a concrete mixer in 
which finely-divided alkali (soda ash) is mixed with fhe i^alt after 
discharge from the centrifuge. The neutralised salt is then dried 
by passage through a rotating inclined cylinder against a current 
of air heated by a gas burner. Twin saturators are used by J. B. 
Hansford in conjunction with a drying apparatus which consists 
of a circular tray with vertical spindle revolving in a horizontal 
plane and provided with ploughs to turn the salt over.*®* It is 


*®* J., 1922, 229t. 

*»2 Chem. and Met. Eng., 1922, 26, 317 ; J., 1922, 240a. 

*®> J. Jnd. Eng. Chem,, 1922, 14, 476 ; J.. 1922, 619a. 

^^*’Ihid., 1922, 14, 492; J., 1922, 573a. See also W.' H. Rodebush, 
J. Ind. Eng, Omn., 1922, 14, 1036. 

- 353,744 ; J., 1922<»754a. 

*** South Metropolitan Gas Co. and P. Parrish, E.P. 176,977 ; J., 1922, 
371a. ' , ‘ ‘ 

' iw British Sulphate oj Ammonia Federation, Ltd., Report, 1022 ; J., 1922, 

o 

*.*»* Oai World, 1922, 76, Cok. Sect., Mar. 4, p. 14. 

*®*.E.P. l‘/9,723 ; J!u„*1922, SOU ; E.P. 173,818; J., 1922, ITSa. 

J„ 1924, 733a. 
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heated* by gas burners underneath. In another meth6d^^® the 
salt is fed downwards through a tower containing shelves aiid 
rotatiftg arms. Ammonia gas and heated air pxe passed upwards. 
In place of the tower an enclosed spiral conveyor may be used^^^ 
•or the salt may bo led by pneumatic means to and through a 
conduit where it is similarly exposed to a current of hot air and 
ammonia vapour.^^® 

The difficully«experienced in causing a washing liquid to penetrate 
a fine-grained salt w^hilo it is being centrifuged has caused the 
suggestion to be made that the acid salt should be mixed with 
mother liquor which has been specially purified and rendered 
alkaline with ammonia.^^^ 

It has been found that the alkaline washing liquid used for 
sjUraying the salt in the centrifuge (;an be replacec^. by a powder 
sprayed ^ the surface of the salt in the same way, and this lends 
, itself to the production of a neutral salt with over 25-5% of 
ammonia without the employment of mechanical mixing machines 
• or the apphcation of external heat to dry the salt. Hence the 
•natural grain of crystal is retained.”* 

R. Lessing finds it a good plan to prevent as much as possible 
, cooling and crystallisation of the pasty salt v^hile draining by 
lagging the draining vessel.”® 

Attention has been called to the advisability of removing phenols, 
and similar objectionable substtmces before spent liquor is ^dis- 
charged, and*a process has been tried, with some success,”® which, 
consists in passing furnace gases together with steam up through 
a tower-scrubber down which the spent hquor is caused tp descend. 
The spejjt liqqor is thereby rendered neutral or slightly acid and 
the phertols ^re expelled. 

In view of the heavy cost of the acid used in making sulphate 
it has been proposed to manufacture the bicarbonate instead of the 
sulphate,^” while the use of crude diluted ammoniacal liquor for 
direct application "bo the land is spreading on the Continent and 
excellent results are reported.”® 

Thickins, and Ebbw Vale Steel, Iron and Coal Co., Ltd., E.P,. 
181,884 ; J ., 1922, 631a, 

Holmes & Co., Ltd., W. G, Adam, and C. Cooper, E.P. 187,035; 
J., 1922, 982a. 

J. Man*, and Coke Oven Construction, Ltd., E.P. 187,320; J., 1922,. 
982 ^. < 

South Metropolitan Gas Co., E. V. Evans, P. Parrish, and O. Weight, 
E.P. «74,878 ; J., 1922, 215a. 

G. Weyman, E.I*. 183,089 ; J., 1922, 669a. 

"''E.P. 178,046 ; J., 1922, 414a. 

”• T. L. Bailey, Alhalit etc. Inspector's Report^ 1921 ; J., 1922, 317b. 
See also Qas J., 1922,169, 213. 

W. Oluudb Chem..Zeii., 1922, 46 , 693, 715 ; J., 1922, 722a, 399b. See» 
also P. Rion, Comptes rend., 1922, 176,^72 ; J., 1922/ 866a. * 

• J. Mews, Oas- u: Wasserfach, 1922, 66, 123 ; J., 1922, 263a. 
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Sulphur. 

« 

Tlie examination of the various* forms in which sulphur occurs 
in coal has been the object of several investigators with a view of, 
reducing that ]>ortioii of the sulphur wdiich is left in the coke on 
carbonisation. F. Fo(‘rster and W. Geisler“® assert that the 
hydrogen sulphide evolved on distillation almost entirely hriginate^s , 
in ])yrites. The feiT(,ms sulphide first formed by thermal decompo- 
sition of the ])yrit(‘s is decomposed by the joint action of hydrogen 
and steam. If- is not considered ])racticable to eliminate the 
8ul})hur^from coke without great loss of carbon. ' A. C. Monkliouse 
and J. W. (Jobl)’-** consider that the liberation of hydrogen sulphide 
follows fhe sam(‘ lines as the liberation of ammonia, and they 
suc(‘eeded in •obtaining 93*8% of the siiljdiur from tlui coke *by 
heating to 1000' ('. in pn^semee of hydrogen a^fd at l%wer tem- 
peratiu’es in pi'csimee of steam. It is cojisidered that the original 
nature of the coal alh'cts the liberation of hydrogen siiljdiide. 

On the otlu'r hand the work of d. P. Wibaut and A. StofTel'-J 
tends to show' that ' the sulphur originaUy })resent in inorganic 
form eombiiu's with carbon at high temperature to form very 
resistant compounds. It is concliijled that washing the coal* 
to remove pyrites may not alter the ridative. proportions of sulphur 
remaining in the eok(‘ to that evolved ii^ distillation. 

The removal of hydrogen sulphide from gas by liqujd purification 
has been an attractive })roposition not realised in practice. 

F. W. Sperr’--^ deals with tlu^ system (‘laborafed by the Koppers 
Company^in which a solution of sodium carbonate is used as reagent. 
The fouled t<olution is aerated and the residual liqtor returned in 
cycle, A])parently, the gas has not been so fa*’ entiady freed from 
hydrogen sulphide by the process, nor has the sulphur removed 
from tlie gas been recovered, but possibly these objections may be 
met ii^ the future. 

E. V. Evans refers to the possible preferential combustion of 
the hydrogen sulphide*, but the formation of carbon oxysulphide 
has been a difiicutly. With cold oxidants this would be Avoided 
and possibly dye compounds may be of use in this direction.^^^ 

It has been suggested that the Claus kiln reaction, which is to 
ajU intents and purposes the normal purification process carried 
out 'at higher temperatures, can be so regulated by hq^ting 

Z. angew. 47<ew., 1922, 35, 193 ; J., 1922, 401a. 

Loc. cit. • * 

BrmmtojJ-Chem., 1922, 8, 273 ;* J., 1922, 888a. See also J. P. Wibaut, 
JR^. .Trav. Chim., 1922, 41, 153 ; J* 1922, 281a. 

“2 Gm HVW!,1922, 76, 334 ; J., 1922, 359a ; E.P. 170,572. 

i2»(7/. E. E. E.P. 172,074^ J., 1922, 68a. Ajpo E.P. 170,162; 

1922,. laU; E.P. V}8,504; J., ir21, 7*28 a. 
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elemenftj dispersed through tlm material that while the SsulplfUr 
liberated is carried forward and deposited separately to theih purifying 
mass fli(‘re is no ^trouble from formation of svlphur dioxide and 
similar eompounds.^^^ 

* it has been proposed to extract sulphur from spent oxide by a 
solution of ammonium sulphide.’-® 

(;. H. i(Cl('mmell deals with the question of valuation of ^xide 
'fbr j>urifying *‘p;Ar2)oses.i-’ 


Town Cas. 

'Tlie therm system of eliarging for gas has eotnc under much 
Ignorant criticism during the year, and as a result the Board of 
'IVTide has appointed a OommitU'C of Inquiry intt< the matter. 
II secinis ^o hav^ been ov(Tlook(‘d that many gas eone(‘nis were 
staling gas on a thermal basis (standard (ailoritic value) several 
years l>efore the therm was deliimd by tlie Fuel Research Board, 
*and that this nu't witli no sc'rious objection. 

• The quality of gas to be “ declared naturally dejuaids largely 
on the works manufacturing plant and other local conditions/®® 
i^as veil as on the relative vahuis of ec)al, coke, oil, and various 
byquoduc ts. Most of the declan^d calorifie values range from 
4r)() to oOtl B.Th.U., and there has been a tiunhuicy to increase the 
value to the latter figure, although G. Keillor’®® thinks that with a 
gas of 400-450 B/J'h.U. the consumer is less likcjy to waste thermal 
^ valiK^ and therefore gains an advantage. 

It is claimed by G. Ht‘l])s’®® that low-grade gas ^iown to 
250 B.TIaU.) c^n be distributed to give equal service at the same 
})ressuro ?is high-grade gas if the orifice's of the burner nij)ples are 
enlarged apj)roximately inversely as tlui de(;rease in calorific value. 
It would seem, however, that the increastKl internal resistance of 
th(! mains and services conveying larger volumes of gas must be 
overcome by some additional means. 

Carbon inonoxide. 

The risks of carbon monoxide poisoning from coal gas are con- 
trasted with other risks (tobacco smoking), which are cheerfully 
undertaken daMy.^^i Investigation by Y. Henderson and colleagues 
into uie physiological effects of carbon monoxide places a limit of 

K. (^x, S. W. Kerr and E. J. Baty, E.P. 185,780 ; J., 1922, 849a. 

Anilin u. Soda Fabrik, E.P. 174,143 ; i/., 1922, 1G7a. 

Q<m J., 1322 , J59, 471 ; J., 1922,*739a. 
a. M. Gill, Gas/., 1922, 160, 36. 

G. Keillor,* Gas J., 1922, 158, 95< 

E.:e. 184,820. y 

E. V. Evans, Gas*J„ 1922, 157. 375. 
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dattger to life when the time in hours during which inhalatibn takes 
place, muHiplied by the concentration of carbon monoxide in parts 
per 10,000 is equal, to 15. It is found that the best means of treat- 
ment for cases of such poisoning consists of inhalation of oxygen 
containing a small amount of carbon dioxide, the latter gas being 
effective in stimulating lung action.^'^^ The prominence given 
recently to the poisonous properties of coal gas has been followed 
by a large increase in the number of suicides accomplished by 
means of gas. 


Calorimeters. 

A remarkably ingenious recording calorimcxer nas oeen uevisea 
by C. V. BoyF^““ which is an outstanding example of a scientiticaliy- 
designed instrument. The apparatus is of the water-flox^^ type and 
includes, among other principles, the positive measurement of the 
water by a turn-over bucket system, and an adjustment of the gas 
ratc^, so that the temperature of the water is raised exactly 10° C./ 
when the calorific value of the gas is of the “ declared ” value. 
There is also a “ thinking machine,” which contains a small ball- 
disc-cylinder integrator coupled with reduction gearing, which 
keeps the meter axle turning at a spee(^^xactly proportional to the 
gas volume. The heat interchangcr is of thin sheet load, while 
the* thermometers are filled with amyl alcohol. The record paper 
is ruled in situ, so that the ruled lines and‘ record are always in 
proper relationship. 

The Thomas calorimeter has been further developed.^ 

A new gas calorimeter is described by W. B. Baviqson^®® in 
which the cooling water is introduced in a fine state of division in 
direct contact with the products of combustion. 

The alteration in form and disappearance of the luminous tip 
of a gas flame by increase in aeration is the principle of two calorific 
value indicators.^®® 

In another instrument the expansion of a liquid in the jacket of 
an explosion pipette caused by the heat of explosion of the gas is 
measured and compared with that resulting from the explosion of a 
gas of known calorific value.^®’ 

An instrument for regulating the flow of gas so as to compensate 

• J. Ind. Ef.g. Chem., 19^2, 14, 229; J., 1922, 307a. 

E.P. 180,080 ; J., 1922, 569a ; Gas J., 1922, 168, 882 ; J„ 1922, 638a. 

«*E.F. 179,060, 182,573, 183,408, 183,409 ; J., 1922, 486a, 731a.. 

«®E.P.'l71,246 ; J., 1922, 38A. 

Grebel, Gas J., 1922, 169, 322 ; J., 1922, 699a. ^ J. S. Wither* 
E.V. 184;026 ; J., 1922, 791a. , 

XJniqa Apjjaratjehaugenellscb .ft Dtt.'b.h., E.P. 166,677 ; Gas Engimea 

88, 322, 
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for alt^ation in density is also described,^®* while a useful 
paper on the vaipous means measuring the flow of gas is given 
•by B/Dunglinsofi.^®® 


Gas Analysis. 

Little Advance in method is to be found in gas analysis, fiitt^ntion 
havyig being chfefly directed to combining forms of existing appar- 
atus such as that proposed by H. M. Lowe'*® and R. V. Wheeler.'" 
R. W Blair and T. S. Wheeler, finding that the mercury lift In the 
Bone and Wheeler apparatus is tedious, use eompressed# air for 
altering the mercury levels in an elaborate modification of the 
ap;paratus.'*“ 

Some discussion lias been aroused in respect to the determination 
of^paraffii# in (!oal gas. L. Levy describes combustion methods,'*® 
iiumlving the use of a heated platinum wire. With such methods 
jG. W. Jon(;s and W. L. Parker'** say that the platinum wire should 
not be heated above a bright yellow, and the time for combustion 
^ould not exceed throe minutes, in which case the formation of 
nitrogen oxides does not exceed more than 0-003 e .c . The formation 
A)f the oxides of nitrogen is an error possible in explosion methods, 
but this may bo disregarded when the explosive mixture is formed 
of air and the gas. Sparking the mixture docs not cause the 
formation of nitrogen oxides. 

J. C. King'*® adapts the Jaeger combustion method to the 
.Bon(5 and Wheeler apparatus, and after preferentially cojpbusting 
the hydrogen and carbon monoxide explodes the paraffins with 
excess of 4 ^ir. By noting the amount of carbon dioxide produced 
and the oxygen used the mean composition of the paraffins can be 
calculated. 

Processes of what may be styled physical analysis are being de- 
veloped. The Shakespeare “ Katharometer,” in which the heat 
loss from a platinum wire is measured, has been applied to the 
determijiation of carbon dioxide and other gases.'*® 

A method for continuously recording the carbon monoxide 
and dioxide in a gaseous mixture consists in mixing measured 

South Metropolitan Gas Co., and D. Chandler, .E.r. 176,624 ; J., 1922, 
363a. • . ’ * ' . ' 

World, 1922, 76, Cok. Sect., Jon. 7, p. 16. 

1922, 76, Cok. Sect., Mar. 4, p. 19. 

Gas J,, 1922, 157, 702. 

'9t2. 187 t. 

Bngimer, 1922, 88, 67. 

'** J. Ind. Eng. Ghmn., 1921, 18, 1154 ; J., 1922, 169a. 

'*' Fuel, 1922,#!, 103 ; J., 1922, 63V. 

124,463; J., 1919, 393>i KP, 176,8^4 J,. 1982, 353 a ; 

O.F. 346,682 ; J., 1922, 3fe3A. 
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ralume^j of the gas with a liquid reagent and then measuting the 
change iA electrolytic conductivity of the soluti^pn.^^’ A simpler 
method takes notice of the change m colour of an indicator.^*® 

Combustion. 

Further work has been carried out by W. Payinan aiid R. V. 
Wheeler^'®® on tlic combustion of complex gaseoua rhixtures which 
is discussed in relation to the composition and use of industrial 
gas.“® 

The flame temperatures of different gases .*.re calculated by 
J. Brown on the assumption of a specific heat for steam of 
0*85 at 4000° C. In air the flame temperatures are given as 
hydrogen 22(j0° C., carbon monoxide 2400° C., methane 2070° C., 
and ethylene 2670° C. Methane is preferred for weldpig as its 
flame temperature is not high enough to injure metals operated 
upon. 

Preliminary work of the Gas Investigation Committee of the 
Institution of Gas Engineers in regard to aeration of burners 
makes it difficult to lay down any definite relation between the 
various factors operating,^ and does not confirm the conclusions 
of the American Bureau^®® when anplied to the low velocities 
of air-gas mixtures usual in this coimtry. 

An interesting account of the development of gas burners is 
given by C. Carpenter,^®® who does not thinklhat sufficient attention 
is given to the subject of gas lighting. Reference is made to 
experimental work of J. S. G. Thomas^®® on the effect on air 
entrainment' of reducing the size of circular orifipes fec' various 
pressures. 

The efficiency of domestic water heating has been investigated 
by the U.S. Bureau of Standards/®® who find that violent boiling 
of water in utensils with gas full on consumes nine times that 
necessary to maintain gentle boihng. When the lid is off five times 
as much gas is required as is necessary when the lid is on. When 
gas is consumed at the rate of 9000 B.TTi.U. per hour the 
efficiency is practically constant with different gas qualities at 

i®’G. B. Taylor and H. S. Taylor, J. Ind. Eng. Chem., 1922, 14, 1008; 
J., 1923, 76a. 

’®® Victoria Falls and Transvaal Power Co., Ltd., and W.V). Andrews, E.P. 
179,696 ; J., 1922, 527a. 

M* Chem. Soc. Trans., 1922, 121, 363 ; J., 1922, 359a. 

^^Fuel, 1922, 1, 185; J.,1923, 42a. 

Z. tmgew. Chem., 1922, 86, 3^8 ; J., 1922, 577a. 

1“ J. W-. Cobb, Oas J., 1922, 168, 799. 

P* Ann. Repts., 1921, 6, 46 ; J., 1922, 286a. 

1®® Oas J., 1922, 168, 853 ; J., Ip22, 537 a. 

Phil: Mag..m2.U, ^69. J' 
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37%, and the time required to heat two quarts of water from 
80° F. ,to boiling ^oint is aboift ten minutes. TJje efficiency drops 
shghtly v^dth decrease in rate of gas supply anil increases slightly 
.with increased rate of supply. 

'I'lic radiant efficiency of a modern gas-fire is about 50% of 
the n(‘t calorifici value of the gas burnt. W. A. Bone shows that 
Ulic radja*nt eiliciency is independent of the compositioa of the 
gas within wide? limits and also of the calorific value, provided 
that the numb(n* of heat units developed per hour is kept suitably 
constant for the particular size of fire. Ventilation may bo as good 
Avith a gas lire as with an open coal fire. 

Tn respect of lighting A. R. MyhilR'^*’ points out that it is inad- 
visabhi to test large lamps on a small-scale photometer. 

It is thought that mantlets impregnated with rare dearths previ- 
ously concerted into fluorides by treatment with sodium or 
potassium fluoride give less shrinkage and a better efficiency.^®® 


(Corrosion. . 

corrosion of east-iron buried in the soil leaves as a residue 
soft spungy mass mainly consisting of graphite, silica, and iron, 
retaining tlic shape of the original structure. Steel and wrought- 
iroii, on tlu' other hand, become pitted and the products of 
corrosion are carried away. Experiments have shown that 
magnesium salfs are the most dangerous. The conclusion is reached 
that soil corrosion is an electro-chemical process depending chiefly 
’on th(i com])osition of the metal, the nature of the soil,*and the 
movement of tlj(‘ ground waters.^*® • 

The Life of Gas Meters Joint Committee review'®^ recent changes 
of gas manufacture and their possible effect on internal corrosion 
of gas juains. Th(' elimination of moisture below saturation 
point by further compression and cooling is discussed as the 
likeliest method of avoiding corrosion. 

Interesting cases of corrosion of gasholder plates are noted by 
H. TiiKijik‘,i «2 and the influence of unequal sun-heating in pro- 
moting corrosion by causing differences of electrical potential 
between various parts of the holder, is found to be an important 
factor. Probably, metal containing little or no manganese is 
to be pf v ferred.* Phosphorus appears to add' to the resistance of 
the hut, on the whole, it is safer to use as ppre and homo- 

geneoi# a metal as possible. 


B.t{ Ashoc. Fuel Econ. Committee, 5th Report ; J., 1922, 404r. 

Cas J., 19^2, 160, 494. • 

880 /"* ^* Terrell junr., E.P. 170,079 ; J., 1921, 

J. W. Shipley, J., 1922, 312'x. 

Goa J., 1922, 168, 8.34 ^ J., 1922, 533a. 
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Corrosion due to electrolysis by stray earth currents is dealt 
with in ah interesting paper which also describes a method of 
detecting the sohrce of the current from vibration sounds 
originating in the station generator and picked up by a' telephone, 
receiver. 


Tar — Tar Products. 

Considerable attention has been given to the development of 
continuous tar distillation. The Hird tar plant and method of 
working are described by J. Curry.' AbouteSOOO cub. ft. of 
gas (cal. val. 4b() B.Th.U.) is used for heating the stills per ton 
of tar distilled. Trouble in respect to chloride in the somewhat 
heavy tar used is ovcTcome by washing the tar with hot water 
previous to distillation. ^ 

The somewhat sparse literature on tar distillation is enlarged 
by an interesting paper by E. V. Chambers'*® in which analyses i 
of various descriptions of tars arc given and some of the troubles in‘ 
dealing with tar-liquor emulsions are described. In the new 
“ casi^ade ” type of continuous plant the main feature consists 
of a cascade or staircase arranged in the vapour space of the main , 
still, down which the tar flows on entering the still and being 
dehydrated in a thin layer, local heatin/ and frothing are avoided. 

Another type of plant consists of a series of shallow stills with 
corrugated under-surface,'*® by which mean®, agitation, a large 
heating surface, and considerable strength are obtained. 

J. L. Wilson'*^ prefers to distil tar in the presence of an inert 
gas, separai/ing the distillates by fractional condensation. The 
continuous distillation in fine films is provided fo^* in a vertical 
vessel with a series of trays one above the other and inclined 
alternately from one side to the other, down which the tar falls 
in curtains against the ascending vapours.'*® 

In another type of plant tar may be superheated under pressure 
in coils, so that on issuing from the coils with release of pressure 
the vapours are liberated and can be fractionally condensed. A 
series of such coils may be used and the pressures in the coils 
stepped down so as to obtain the usual fractions.'*® 

Continuous steam distillation of tar is advocated by Ab-der- 
Halden,'’* particularly for small works, A plant for this purpose 

J. Chappies and Hubert-Dosprez, Gomptes rend.y 1921, 178, 1344. 

Gas J,. 1922, 168, 149. ® 

J., 1922, 178t. 

J. A. Yeadon, E.P. 183,682 ', J., 1922, 703a. 

180,347 ; J., 1922, 538a. 

iw W. Glossop and L. Bradley, E.P. 184,242; J., 1922, 743a. 

^•W. A Wahnsley, J., 1922,/,96t. See also Qas J., 1922, 159, 26 
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consist# of a filter and settling tank from which the tar gAtvitatea 
to a dehydrator m which it is heated by the products of fstillation 
from t!ho still proper. The 3e]^ydrated tar flc^s down a column 
provided with packing into the still proper, where it is distilled 
•with superheated steam supplemented by direct firing. By filter 
ing the tar through a filter having a mesh equal to half the area 
of the ialet orifice which regulates the feed, the plant c^ be 
largely * aii tomatic . • 

S‘A. Wikner^’i finds that continuous distillation is to be preferred 
for the preparation of road tars, which are prepared by distilling 
tar almost entirely to pitch, the fractions afterwards being mixed 
to conform to specification. A special deliydration arrangement 
is described, in which tar is heated both by the distillation*products 
from the stills proper, and by additional closed stegin coils. As 
the dehydration is the major part of the work to be done, a greater 
throughput is obfained, and it is claimed that only 40 lb. of breeze 
is'required to d(5hydrate one ton of tar. 

• Other means of imparting heat to tar may be used. In one case 
<>ho mixture of oil and water (or tar) is injected into a previously 
dehydrated portion of the oil heated to a temperature above the 
.vaporising point of water or lower oil fraction, the steam and 

* vapours afterwards being separated in an expansion chamber.”* 
Or the tar may be sprayed or forced through a jet into a bath of 
molten metal, say at 400°-500° C. at a pressure of 50-60 atmos- 
pheres, contained in an autoclave. Metals which will combine with 
sulphur may be used so as to eliminate sulphur from the distillation 
'products.”® Or, the tar may bo passed below the surface orf molten 

metal in ^ne or jonoie vessels at the same or different temperatures, 
by being ^arri^4 under the surface on a revolving drura.^’* 

Tar Products. 

The use of prepar,ed tar for road purposes has gi’eatly extended, 
and sometimes it has been found advantageous to mix a certain 
amount of bitumen with the tar. The possibility of fish poisoning 
taking place through river water becoming contaminated by road 
drainage has caused discussion. W. Kirby refers to the similarity 
of the fish poisoning from tarry water to the “ pitch cancer ” of 
pitch workers. ^ This latter is supposed to be. due to the presence 

J,, 1922, 168, 319 ; J., 1922, 457a. 

Asiatic Petroleum Co., Ltd., and W. Cameron, ET. 173,644; J., 
1922, 131a. 

Blttmner, G.P. 338,846; J., 1922, 496a; E.P. 182,868; J., 1922, 
407a. ^ ^ • 

Thermal Industiial and Chemical Research Co., A. McD. Duckham, 
and J. S. Morgan, E.P. 174,690, 1744)74, <^76,438 ; J., 1922, 240a, 315a. See 
also E,P. 184, 624*? J., 1922. 803a. ^ 

•»V., 1922, 218b. 
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of acridine. As blast-fumace* pitch is free from this objection it is 
suggested; that it might be used for road purposes ;n the noighbour- 
hocd of fish-preseijying waters. Me^ods of estimating tar acids 
and bases in road drainage and And arc described.”® 

The results of an elaborate survey of the properties and products 
of distillation of low-temperature tar (produced from the “ Carbo- 
coal ” process) arc given by J. J. Morgan and R. P. Soule, V’ and the 
charactc^Listies of coke-oven, gasworks, and the .low- temperature 
tars in question are contrasted. The prc^ponderance of cyclic 
compounds in the latter suggests that coal itself may possess a 
“ cyclic ” structure. 

H. Moore describes the effect of impurities in oils prepared for 
use in Dtesel engines and enumerates the methods of examination 
necessary for the selection of such oils.”® - 

Further methods of preparing lubricating oils from t^r, particu- 
larly from low-temperature tar, have been suggested. In one, 
the tar oils arc passed with about an equal weight of superheated 
steam at 300"-400° C. through a tube with a flattened constricted* 
portion heatcxl to 50()°-900° (1, so that the oil is in the heated area, 
not more than 30 seconds.”* In another process the oil, after 
removal of acid (;onstituents is treated simultaneously with liquid 
sulphur dioxide, and a hydrocarbon insoluble in sulphur dioxide.^®® 
Phenols, which are objectionable in cor^exion with the preparation 
of lubricating oil, may be converted into esters by reaction with 
)3-naphthalenesulphonic acid.^®^ 

Continuous benzol washing is proposed in a process which con- 
sists of graying the benzol at high pressure through the acid in a 
special apparatus.^®** Dilute acid at a suitable ^ temperature is 
said to polymerise foreign matter in benzene to liigh-boiling sub- 
stances, which may bo recovered and used as varnish.'®® 

Cases of benzol poisoning are not unknown, and are commented 
upon by C. H. Horan,' ®^ who points out the inadvisability of 
employing workmen already in a debilitated condition. 

Phenol of a permanent pale yellow colour is said to be obtained 
by treatment with hot concentrated solutions of sodium bismlphate 
and thiosulphate,'®® while sodium sulphide solution has been used 

”• J. J. Fox and A, J. H. Gauge, J., 1922, 173t. 

J. J. Morgan and R. P. Soule, Chem. and Met. Eng., 1922, 26, 923, 
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for dissolving the more strongly aci<f phenols such as the«cresols 
and xylenols from tar 

The*w- and ^j-cresols in crude tar acids may# be separated by 
taking advantage of the difference in the rates of sulphonation.^*^ 
Phenol in tar acids may be estimated by a method involving the 
det(irmination of the freezing point of the hydrate.^®® 

Th(‘ ijr«)duction of indene is described.^®® The coal tar fraction 
Of boiling point J7r)°-185°C., after the separation of phejiols and 
})ases, is heated with caustic potash at a tem{>eraturo above 170°- 
180'' C. for two or three hours in a closed vessel. The potassium- 
indcne compound «is separated from oil, decomposed with water, 
and the crude product afterwards purified. 

A method of estimating phenanthrene suitable for tnixtures 
containing 30% or more of phenanthrene and not more than 10% 
of carbazo^e is described.’®® 

PiHchor, H. Trojjscli, and P. K. Breuor, liranistojj'-Chem.y 1922, 3, 
1 ; .7., 1922, 1:Ua. 

A. F. CaTnj)!)^!!, J. Tml. Eng, Chcni.y 1922, 14, 7.32 ; J., 1922, 661a. 

W. H. Hottort, J., 1922, 334t. . 

^88 1^. Wt'issjTorbor, (bP. 34.5,867 ; 1922, 407 a. 
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MINERAL OILS. 

By J. E. Hackfokd, 

Chemical Adviser to H.M. Petroleum D^/partment. 

The year 1922, taken as a whole, has not proved to he a very 
happy one for the petroleum industry, for, as was to be expected, 
the full weight of the trade depression following the war has been 
experienced. Again, political conditions of the da^ are i^ot 
conducive to speedy progress, especially with regard to the 
petroleum industry. To-day, the general policy appears to be 
“ grab oil-land,” and this policy is affecting all nations at th,e 
present moment, and the clashing of the various national interests 
is still the cause of unrest. 

The value of liquid fuel for transport purposes was realised by ■ 
all and sundry during the war, and the lesson is firmly implanted 
in the mind of even the lowest in nie land. The Fifth Report 
of the British Association Fuel Economy Committee draws 
attention to the fact that the total crude oil produced in England 
for the year 1920 amounted to no more than 227,200 tons. The 
Report States : “ The Committee considers it important that 
attention sJiould be drawn to the fact that, inasmuch as; the home 
production of shale oil is practically negligible, ^ owing to the 
relatively lo\^ cost of production of imported petroleum, we are 
at present dependent almost entirely on countries outside the 
Empire for our supplies of natural petroleum and petroleum 
products, a most undesirable and dangerous state of affairs from 
every point of view,” It is also pointed out that the oiitpub of 
coal in Great Britain during the year ending December 31st, 1921, 
fell to 163 million tons, the imports of oil into Great Britain 
amounting to four and a half million tons. As our domestic 
requirements of coaUamount to 50 million tons pe^ annum, it will 
be Seen that even the supply of imported mineral oils is rektively 
small for power production. 

It now realised that it is very necessary to increase the 
available home supplies of petroleum, and also the supplies within 
tile British ..Empire itself. The British peoples ftre not unique 
in haying adopted the view t^t they mu8t*haye available ajwi 
reaejy supplies of ^petroleum products in case of need. Other^ 
nations have d6ne the* same, but work haS been delayed in .*tfce, 



mNEAAIi OILS. 73 

various countries owing to the unsettled conditions ; th^re is little 
doubt, howevei^ that as sc^n as these conditions become more 
stable, the oil industry will be j>ne of the first tc/ revive. 

Thfi achievements of the engineering world have also had an 
appreciable effect on the position of the oil industry. Low- 
compression internal-combustion engines are rapidly approaching 
a state hi perfection, and the increasing demand for them causes a 
'coi 7 espondingl 5 increasing demand for Hvotor spirits. A year 
or two bach, the whole industry was agape with the pessimistic 
indications that the available supplies of mineral oil would soon 
be exhausted. To-day we find that the United States is QAirtailing 
her production of crude oil on account of this phenomenal demand 
for motor spirits, for even there the demand for motor spirits exceeds 
the supply. Consequently, the outlook for thos# nations that 
depend i^ion supplies imported from that country is not encouraging: 
7he United States are jiroducing 570 million gallons per month, 
and are using 580 million gallons per month. 

The result of this state of affairs is to encourage “ cracking 
processes ” on the one hand, whilst, on the Other hand, in order to* 
utilise economically all the crude treated, the heavy residues 
must be sold. The demand for these is far less than the now avail- 
able supplies, and the consequence is that manufacturers have 
to dispose of them at a loss, or at barely paying prices. 

The Frenc^i (Government have offered prizes for a motor fuel 
which shall not consist entirely of petroleum produets, and the 
last year has seen much valuable work carried out in this respect. 
This “ National motor fuel,” as it is known, consists of% mixture 
of petr6l and r alcohol, together with a small percentage of some 
particular soVent to ensure complete miscibility. So far, experi- 
ence has shown that small quantities of cresols, cyclohexanol, 
isopropyl and butyl alcohols answ'er this purpose, and prevent, 
or at least diminish, the tendency of the petrol and alcohol to 
separate into two distinct layers. The performance of this 
“ National motor fuel ” is said to be good in practice. Trials 
show^ that, without the slightest modification of the engine 
or carburettor, a fuel composed of petrol with 10-20% 
of 95% alcohol, could be used. With this proportion, the power 
remains roughly constant ; further additiop of alcohol leads to 
a diminution of power if the engine conditions are not modified. 

Oy was struck at the D’Arcy well, near Edinbuj’gh, on May 6th, 
1922. J. E. Hackford^ gives an analysis of the oil, and emphasises 
its significance, pointing out the unusual circumstance of a well 
being drilled^ the midst of a sh^e field, and comments upon the 
conditions which ted to a prognosis of the quality of the oil in 
1916, and the ’outstanding fa6t iifeat the oil is substantially similftr 

1922, 246b. 
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in quality to that obtained at Hardstoft. This is illustrative 
of the fatfb this class of oil persist^ throughout Great Britain. 

Origin of Petroleum. 

Very little has been added to our knowedge of this subject. 
R. E. Somers 2 suggests that the lighter fractions are added to the 
first light-formed crude oil owing to increased pressure and the^ 
effect of lengthy periods of time. C. C. Rae“ suggests that humic 
acids and associated organic compounds arc the intermediate 
step between the crude petroleum oils and complex plant com- 
pounds, and in evidence of this theory is quoted the observation 
of Binney, that pcdroleum was formed by the decomposition of 
peat mosses, at Down Holland in England, in the presence of 
infiltered sea-\vater. Hascman, it is stated, and others have also 
fioted the association of swampy areas near the sea witL asphalt 
and other hydi’ocarbons. There seems to bo some relation between 
the humic acid and silica content of river waters, probably in 
some way connected with their colldidal nature, but, on admixture 
with sea- water, organic compounds are deposited, owing to 
coagulation by electrolytes. It ^ould also appear that silica 
is deposited at the same time, judging from the presence of finely- 
divided silica in Californian shales, associated with petroleum. 
The humic acid carried by rivers every year totals several millions 
of tons, and the gradual transformation of this into petroleum 
hydrocarbons probably occurs under several different conditions, 
in which pressure, temperature, alkalinity, salts, and the presence 
of catalytic j^gents all vary. In the western parts of the United 
States are found oil shales containing organic conSpoun^s inter- 
mediate between humic acids and petroleum, wMch are con- 
vertible into the latter by means of heat. Fairchild* suggests 
that a vast amount of hydrocarbons may have been held in strata, 
now below the observable rocks, and these ha'^e been forced up 
to form reservoirs of volcanic emanations. 

K. Kobayashi'^ is attracting more and more attention to his 
theory of the fish-oil origin of petroleum. The reasons of his 
conclusion that petroleum was prepared from fish -oil by dry 
distillation with acid-clay are : (1) Topographical relationship 

exists between the distribution of Japanese petroleum and acid- 
clay. (2) The petroleum is mostly found mixed with sea-Miater. 
(3) Acid-clay and neutral salts when heated together forn^^ free 
acids. (4) Certain fish-oils contain free hydrocarbons (e.^., 
squalene). "JHis paper gives experimental details, with figures, 

> * Amec. Chein. Soc., Pittsburgh Meeting, Sept., 1922. 

Trani. Amer, Inst, Min. Met. 1*922, No. 1137-P, t pp. 

* Oil and Gas Np. il, 70. 

* J. Chem. Ind. Japan, 1921, 24, 1 ; J., 1921, 260a. 
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showii^ the relationship between the artificial and the* natural 
benzines and kej*osenes frona which is deduced the theJiry of the 
mariift)-animal origin of Ja^i^ese petroleum.,* 

J. E. Hackford* makes out a case for the derivation of Mexican 
petroleum from seaweed. He points out that the outstanding 
features of Mexican petroleum are, high sulphur content, 
aliphatic nature, minute nitrogen content, low-content of 
hroniatics, and,' multiplicity of elements present in the Ash of the 
oil.* There is ample sulphur ip the alga ' Macrocystis pyrifera, 
which is present in abundance in the Gulf of Mexico. Algae contain 
little or no nitrogen. The fact that aromatic hydrocarbons are 
practically absent in the oil may be accounted for by the absence 
of cellulose in the algae. The presenee of numerous elements in the 
ash of the oil also bears out this view. He also puts forward a 
TK'W thecyy to interpret the significance of the difierent qualities 
of gases derivea from oils. 

Nomenclatuuk. 

The same author strongly pleads for a bhemical classification' 
of oils to supplant those existing classifications which are based 
upon the physical properties of oils and th(‘ir derivatives.'^ All 
mintTul oils contain alij)hatic hydrocarbons, and, in consequence, 
the nomenclature is based upon the fraction of the oil present, 
which forms its distinguishing characteristics. The oils are divided 
into the following classes : (1) Aliphatic oils. (2) Aromatic oils. 
(3) Naphthenic oils. (4) Naphthylenic oils. Each of these may 
contain the oxyg(m or sulphur derivatives. For example, an 
aliphati^ ull is*a mixture of aliphatic hydrocarbons, ei&ier saturated 
or unsaturat’ed, and may contain their oxy- or thio-alcohols 
and/or ethers — e.g., oxy-aliphatic oil (Pennsylvanian), thio- 
aliphatic oil (Mexican). Other examples are given. 

The solid biturpens are all covered by the term “ petrolite.” 
If soluble in carbon bisulphide, they are called “ asphaltites,” 
and if insoluble, “ kerites.’' Thus, “ Wurtzilite ” is insoluble in 
carbon bisulphide, it contains a largo percentage of sulphur, and 
is derived from an aliphatic oil. According to this chemical 
classification, it would be called a thio-aliphatic kerite. 

Under this sub-heading may be mentioned the growing cry 
for w-‘onomy in oil-fields. The criminal waste that daily goes on 
by yie owners failing to drain their wells, failing «to prevent water 
intrusion and the subsequent carrying-away of the oil, and the 
econonne loss to the nations by their failing to use their gaseous 
prod.ucts, are^being more and more realised. Methods are now being 
devised to overcohie the oil losses, such as in the utilisation of 
• • \ 

• J, Jnat. Pet, Tech., 1922, 8 , 193 ; J., 1922, 401a. ^ 

• ’ Ibid., 1922, 8 , 19S. 
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o^pre6sed air, of vacuum, and of 'scientifically washing oy-sands 
with water. In this respect the paper by A. 5- Thompson® is 
instructive. He points out the evjl effects of competitive drilling 
on leases of restricted dimensions, and the paper, in -general, is 
a great asset to the present-day literature upon this subject ; he 
is ably supported by A. F. Dabell,® and it is hoped that this branch 
of th^» science of oil-winning will receive increasing attention. 

TttiilATMENT OF CbUDE OiLS. 

There has been no striking feature brought to light during the 
last ye^r. The general lines that have bc(‘n •pursued are the 
development of the tubular and pipe still type of retort, not only 
for distillation purposes, but also as a means of reducing the 
viscosity of lu'avy crude oils and residuals. A. E. Dunstan afid 
F. B. Thole*® suggest treating the crude and residual i oils at a 
temperature of 400° C. and at the high pressure of 2t)0 lb. D. Pyzei, 
whose name must be associated with that of Trumble, conthiues 
to patent improvements in lieat-exchanging devices for the purpose 
of re-running distillates by means of tliQ heat contained in the heavy' 
hot residues of the crude oil.** Another process for lowering the 
viscosity of crude oils has been patented by R. H. Brownlee and 
C. F. de Ganalil.*® It is virtually the s^e as the above, but with 
the suggested use of catalysts, such as nickel, iron, etc. 

L. A. Meklor,*® in a most instructive paper, says that, in the 
refining of petroleum, the fuel bill is one of the main items of 
production costs, yet, with most stills, the thermal efficiency is 
around 2G%, compared with 75% to 80% in the modern steam 
boiler. The ‘working range of a still with pre-heateis incoj’porated 
is between 150° and 450° F., but boiler design ca nnet be ‘ entirely 
successfully applied, owing to the great difference in specific heat 
and. chemical constitution between oil and water. The first 
r^uirement of a still is the “ gradual bringing up of the whole 
body of the oil to the desired temperature at a rate that does not 
exceed the thermal capacity of the oil, and the heating conductivity 
of the container.” Counter-current heating is 42% more efficient 
than concurrent and avoids local over-heating. Capacity is 
hicreased by using small tubes and a large volume of , low- 
temperature gases. A, coil-still with over-fired furnace is superior 
to a header still in supplying these requirements. The ppper 
mixing of the combustion gases in the furnace is of the greatest 
ImportaAoe. The best burners for gas and gasified oil have a 

* Ibid,, m2, 

* 1922, 8, 60. 

160,284; J., 1922, 637a. 

1,383,024 ; J., 1921, 608a.' 

1.77»689 ;^7.f»10S^^, 404 a. ^ 

" and Met, Sng,, 1922, 26, 774. 
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coefficient of 0-9-0-95, whilst atomising oil burners [Idw com- 
pression) seldoni exceed 0-^ and high-pressure onesr still less. 
Nozzle velocity ^ould just ex<y5ed the velocitji t)f the propagatioa 
of flame of the particular fuel used, and complete combustion should 
have taken place before the gases enter the heating zone. The 
design of the combustion chamber is of the greatest importanoe, 
and for each temperature there is a fixed ratio between the cojnbus- 
T-ioi) space and*' the amount of fuel burned^ almost independent 
of the character of the latter. The circulation of the burnt gases 
is also very useful in producing even heating. 

W. A. Brown ^ has patented a process for dehydrating oils. 
This process consists in heating the mixture under pressure 
sufficient to prevent the vaporisation of the water, and thereby 
inducing the separation of the oil. 

DEstn^rHURisiNO Processes. 

J. C. Clancy has patented a process in which the oil is treated 
[With liquid anhydrous ammonia, to cause ^the formation of an 
ammonia-sulphur compound, which is then separated. A catalyst 
may be used to cause the sulphur to combine with the ammonia. 
A. C. NesfiekP® introduces a new method in which oil is treated 
with a thin film of chlorine gas. The treatment takes place in 
a tower, dc'wn which the oil descends, being caused to form films 
by flowing oVer cones. The chlorine is circulated, but has to 
be replaced in time, owing to loss of efficiency. The sulphur is 
precipitated in flocculent form, and is separated from gie oil by 
filtrating or centrifugal treatment, or removed by means of water. 
The reai^tion fs exi)cdited by the addition of quicklime, and by 
pre-heating t5ie oil to a suitable temperature. The precipitate 
consists of sulphur compounds in addition to sulphur, and may 
contain bituminous matter. 

E. B. Cobb^’ removes elementary sulphur from petroleum oils 
by means of monosulphides of alkali or alkaline-earth metals, 
which .combine with the sulphur to form alkali polysulphides. 

Whilst dealing with desulphurising processes, it would be well 
to record the results of the experiments carried out on engines 
using fuels with a high sulphur content. These experiments were 
conducted hyk Professor G. Winchester for the Standard Oil 
Comfany of New Jersey. A HVid type of Diesel engine (Thermoil) 
was %sed. Several fuels were tested to ascertafii the effects of 
both free and organic sulphur. The runs were continued for 
384 hours. The fuels included h^h-sulphur Mexican crude and 

»<U.S.P. l,419,6ie ; J., 1922, 680a. 

“U.8.P. l,4t3,710; J., 1922,r70!^. 

183,627 ; J.. 1922, 701a. 

“ U.S.P. 1,413,006 ; 1922, 404a. 
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gaft^oil, and mixtures of these wifch a polymer oil containing about 
19% of combined sulphur, or 10% of^ sulphur in ^e mixed fuel. 

The running tim?i for these fuels^^was about 180 hours, and the 
compression in the engine reached 500 lb. A run of '204 hours* 
duration was made with kerosene containing 0*85% of free sulphur 
in solution. Further examinations of the dismantled engine dis- 
close<\ no evidences of corrosion, nor was the copper tubing^'appreci-^^ 
ably affeefoed. Trouble was encountered by the eLvcessive foripa- 
tion of carbon which deposited on the exhaust valve, and 
clogged the spray-holes to the cylinders. 


Other Processes Affecting Crude Petroleum oils. 

Mention mdst here be made of the Bergius process^® which 
is one of the most important of recent discoveries. iV consists 
in heating powdered coal with petroleum or tar-oil for about 
six hours at a temperature of 400"* C. in the presence of hydrogen 
under, approximately, 100 atmospheres pressure. It is claimed ( 
•that 87% of the coal is converted into liquid products under special 
conditions. F. Fischer and H. Schrader have also described a 
method of producing hydrocarbons ^rom coal by heating it with 
a mixture of carbon monoxide and st^m at high temperatures 
and pressures. 

Cracking Processes. 

There i|i a tendency for these processes to fall under two 
headings — these which have as their object the craejiing qf heavy 
crude oils or heavy crude residues, with the objec^^ of lowering 
the viscosity, in order to make them into more merchantable 
fuel oils, and secondly, those processes which aim to produce 
gasoline from heavy distillates. The commercial conditions of 
the past year have encouraged work on the for’mer processes, for 
keen rivalry and competition have forced vendors to resort to them. 

The usual method employed is to pump the oil at a presstre of 
200-500 lb. through a tubular still at a temperature of 400°-500° C. 
The viscosity of an asphaltic oil is greatly reduced by such 
treatment. 

W. “M. MoComb passes a mixture of steam and oil through a 
tube heated in amch a manner that the temperature at the oil 
inlet is equal to the initial, and at the outlet to the final boiling 
^oint of the oil. The increase in^ temperature from one end to the 
' other of the tube corresponds with a fractional distillation of the 

Bergius, E.P. 148,436 ; J., 1/21, 838a. 

Brenn8tqff-Ch€u.*mU% »67; J., 1921. 683a. . 
tJ.S.P. 1,374,858 J., 1921, 379a 
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oil. Tiiis treatment is said to produce very little fixed gas and 
carbon. E. M. (^ark®^ passes the ingoing oil through ijhe vapour 
pipe, between t^ condenser *and the still; Adams places 

a solid cylinder, of a diameter almost equal to the still tubes, in 
•the tubes themselves. These cylinders are constructed to carry 
a helical scraper to remove the carbon deposit. J. W. Coast cracks 
th(‘ low-boiling oils at high temperatures and pressures, and, wjfchout 
'Tooling, forees *thc vapours into high-boiling oil which is then 
distilled at lower temperatures and pressures. F. B. Lewis and 
T. iS. (.boke^^ have a process by which the cracked vapours are 


passtd through petroleum oil maintained at such a temperature 
that the uncracked fractions are condensed, whilst the cracked 


products distil over. The use of molten metals still finds favour 
in* the eyes of investigators, and A. J. Paris passes ^he oil through 
molten nr^'tal, after which operation the products are compressed 
and cond(‘nsed. ‘ 


'One of th(i outstanding difficulties of cracking processes lies in 
* t he removal of the carbon deposited in the cracking tubes or stills 
oduring th<‘ oj)tTation. Helical scrapers, sticring rods, and other 
do’sdccs have been suggested, but lattc^rly there has been a deal of 
, work done in attempting to remove this by means of mbving heavy 
iron balls. As an example of this method, R. H. Brownlee and 
C. F. do Ganahl ''® heat the oil to the required temperature in a 
still or s(*ri('s of stills, consisting of a revolving drum containing 
a number of metal balls. These may be of iron or steel, or of some 
metal possessing catalytic properties, and should be hollow, to 
give the necessary surface without unnecessary weight. Their 
action is^to iiKjrease the heating surface, and also to*effect a pul- 
verising action, on the residue as it becomes solid. Another method 
of overcoming this difficulty has been patented by F. E. Dodge*’ 
who takes care that the carbon is deposited in a place where it 
can do no harm. Solvent naphtha or other high-boiling aromatic 
hydrocarbons are introduced into a coking-oven after all oil and 
gas has been distilled off from the coal, whilst the coke is still 
at a temperature of 600 °- 800 ° C. The products of cracking are con- 
densed and separated in the usual way, and unconverted portions 
returned to be re-cracked. The carbon formed during the 
reaction is deposited on the coke itself. By this means 
the use of sT>ocial apparatus and auxiliary* heating is rendered 
unne^ssury. . 

• 


*‘U.S.P. 1,388,614 ; J., 1921, 728a. 
“E.P. 141,689 ; J., 1921, 804a. 
«U.S.P. 1,3^8.629 ; J., 1921, 728a.^ 
aS.P. 1,392,684^; J., 1921, 804a. 
” U.S.P. 1,39^,788 ; J., 1921, 804a. 
••E.P. 173,242 ; J., 1922, 131a. ^ 
• aS.P. 1,409,893 ;*J,, 1983, 322a, 
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MotoJiJJSpikit. 

The subject of the physical,^ properties of '-hotor fuels has 
received the attention of W. R, Oj^andy and E. C. Craven.*® The 
following properties are thoroughly investigated : Seat of com- 
bustion, freezing point, separation point, distillation point, latent 
heat of evaporation, flash poiii|i explosive range, corrosiveness, 
viscosity, toluene number, spontaneous ignition temperature. 
This paper is of the utmost importance, and, concurrently, should 
be read T. Midgely and T. A. Boyd’s review of the chemical control 
of gaseous detonation, with particular reference to the internal- 
combusl'on engine.*® This subject is of increasing importance. 
The addition of such substances as diethyl selenide, or lead tetra- 
ethyl, when present in as little as 1 in 200,000 parts of fuel mixture, 
prevents “ knocking ” in an engine. The preventive effect does not 
increase indefinitely in proportion to the amount of “ anu-knock ’’ 
material present, but tends towards a maximum. By retarding 
the velocity of combustion it tends to insure its completeness, 
and thus increases tlie efficiency of the fuel. Unlike ordinary 
catalysts, these negative ones are themselves destroyed in the 
reaction, being, for the most part, combustible materials. 

Interesting work had been carried out by G. G. Brown,®® who de- 
scribes how by properly controlling tl^ air and fuel mixture of an 
engine, the efficiency may be raised to between 30% and 35%. 

G. W. Jones and A. C, Fieldner®^ claim that considerable fuel 
economy can be eflFected by the analysis of the exhaust gas, in con- 
trolling carburettor setting. An increase in mileage of 20% on 
American Government trucks was effected by this method. The 
average of several thousand analyses from 101 car§ shoT^ed 70% 
combustion. Brown states that “ the combustion^' or explosion 
of a gasoline air mixture is essentially a complex chemical 
reaction, and, as such, is susceptible to chemical control. 
iThe most important consideration is the velocity of re- 
action, which is determined by concentration, turbulence and 
temperature.” 

. In the refining of motor spirits, a new process has been patented 
by A. E. Dunstan.®* He finds that, by treating liquid hydrocarbon 
oils with an alkali hypochlorite solution, the bulk of the sulphur 
oomppunds are removed. The same process is recommended by 

H. W. Young and A. W. Peake.®® 

Auto. Eng., Feb., 1922. 

J. Ind. Chem. Eng., 1922, 14 , 894 ; Nat. Petr. News, 1922, 14 , 59. 

Ind.^Eng. Chem., 1922, 14 , d"; J., 1922, 279a. ^ 

~ Chem. and Met. Eng., 1922, 27, 690 ; J. Ind. Eng, Ckem>, 1922, 14, m i 
J.^l«22»fl22A. ^ 

184,281 ; J., 1922, 741a.* 

^Ohem. and Mkt. Mn^, 1922, 27, 972 ; J., 1923, 4Sa. 
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Silica gels, bauxite, and activated charcoal are inoreasing in 
popularity as deodorising and decolorising agen^ for mStor spirits 
and other distillates. In this respect the worl: of A. E. Dunstan 
and F. B. Thole,®* and of L. W. Parsons and L. R. Churchill,*® is 
noteworthy. 

J. C. Morrell and G. Egloif®* discuss the refining of cracked 
distillatelb, whilst the degree of unsaturation and the* m^hods 
of estimating t!iis are discussed in a very able paper by E. M. 
Johansen.®’ The same subject-matter also receives the attention 
of W. F. Faragher, W. A. Gruse, and F. H. Garner.®* 


Lubricating Oils. 


The question of the causes that contribute towaifls an efficient 
lubricant #has received quite a little attention during the past 
yqar. L. Archbutt® * reviews the theory of viscous lubrication, 
and, incidentally, strongly advocates the use of the poise. It 
is of interest to note that the effect of pressure on the viscosity 
bf oils is much greater in the case of mineral oils than with vegetable * 
oils — e.g., at 6*5 tons to the square inch Mobil Oil B.B. increased 
in viscosity in ratio of 27 to 1, while castor-oil only increased 
4*5 to 1. It is important to note the effect of crystalUne paraffin 
wax on the viscosity of lubricating oil ; E. W. Dean and L. E. 
Jackson*® state that changes up to 90% in the paraffin wax content 
of Pennsylvania lubricating oils have a negligible effect on the 
viscosity through a considerable range of temperature. 

The methods of measuring the property of oiliness are cliscussed 
by R. Ef* Wilson and 1). P. Barnard, who, as a resiit of experi- 
ments, believe that the static friction test is the best single test 
of the property of oihness. 

An important discovery has been made by H. M. Wells and J. E. 
Southcombe*® who found that, by the addition of small quantities 
of certain organic acids and bases, the viscosity of a lubricating 
oil is greatly increased. Another commercial advance with regard 
to lubricating oils lies in the increasing use of the centrifuge for 
the separation of water and waxes. P. T. Sharpies’ method*® may 
be here mentioned. Straight or diluted wax distillates are first 


186,936 ; J., 1922, 975a. , 

‘ Chem. and Met. Eng., 1922, 27, 690. 

Inst. Pet. Tech., 1922, 8, 640. 

J’ J. Ind. Eng. Chem., 1922, l4, 288 ; J., 1922, 402a. 

Ibid lt21, 18, 1044 ; J., 1922, 90a. 

J., 1922, 2i7T. 

,** U»8. Bureau of h^ines. Reports of Investigations, No. 2249. 
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chilled, and then submitted to centrifugal treatment, adapted so 
that the wax an4 wax-free residues^^re continu,glly discharged. 

Whilst there ha^e been quite number of papers and articles 
relating to the oxidation of oils, and to the separation ef aldehydes 
and acids therefrom, nothing has transpired which calls for special 

aff RTi+.ion 
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COLOURING MATTERS AND DYES. 

f 

By E. Arthur Bearder, 

Dyestuffs Adviser, ^Association of British Chemical Manvf usurers. 

It lias boon frcjoly stated that Germany’s former world supremacy 
in the synthetic dyestuff industry was attributable ty three main 
factors, namely, her splendid organisation, technical experience of 
organic; chemical «manufacturo, and peculiar scientific ability or 
aplitud(\ To-day the mass of opinion in this country inclines to 
vieV that the British chemical brain is at least equal to the 
(joruian in power of conception and in a))plicati()n. Stt;a(iily, 
since the world-war gave the great impetus to our organic chemical 
(‘uterprise, wo have been building u]) experieuce in applying scien- 
itific facts and discoveries to the manufacture of industrial com- 
modities — intermediate's and dyestuffs. But perhaps our greatest 
advance is marked in the corporate existence of the branches of 
our ch(;mieal manufacturing concerns in the strong organisation 
known as the Association of British Chemical Manufacturers, 
which came into being in 1910. The Association is divided into 
groups, one of which comprises practically all the dyestuff and 
intermedia^) mahufacturers in the United Kingdom. A repre- 
sentative Comniitteo of this Group constitutes an active body, 
which meets regularly to discuss, for the common good, problems 
connected with its branch of the industry. It is, in effect, to 
the dyestuff manufacturers what the Colour Users’ Association 
is to the consumers of dyestuffs. Both Associations are repre- 
sented on the Dyestuffs Advisory Licensing Committee (Import 
Regulation) and the Dyestuffs Industry Development Committee 
of the Board of Trade, and a joint committee of technical 
representatives of each body is now in existence for the purpose 
of rendering mutpal assistance in technical problems appertaining 
to the mquirements of the dye-using and dye -making sections of 
the con|tnunity. 

The Dyestuffs Advisory Licensing Committee appointed by the 
Board of T>ade, consequent upon the passing of the Dyestuffs 
(Import Regulatfon) Act, in December of 1920, is completing its 
second year of sqpvice. Born ifl. strife, it has lived through two 
turbulent years, weathering a storm of political and^ublic criticii^ 
in a«maiBier that spealcs well for the high ideals of public service 



B4 BEPOBTS OF am PBOOBESS OF APPLIED OSElO^f. 

which hftve actuated its members, the majority of whom represent 
factions ^ whose immediate interesis are dian^etrically opposed. 
The volume of wdtk discharged by this Committee will b^appreci- 
Bted when it is understood that not a single synthetic dyestuff or 
intermediate product can be imported into the country without a 
recommendation from the Committee, and that every individual 
apjfiication for a licence to import is carefully examined dnd adju^- 
cated upon by the* Committee. Political considferations apart, it 
may be taken that this body has lived down adverse criticism, 
and that in its place there is the realisation that the duty of ensuring 
an adequate supply of dyestuffs to the user, simultaneously with 
protection of the interests of the colour maker, is being successfully 
discharged. However, the present economic position is an extra- 
ordinarily difficult one, and competition in price of dyewares is 
bound to place the British manufacturer at disadvantage so 
long as the value of the German mark remains at a low level of 
depreciation. 

The past year bears undoubted traces of the determination with 
which Britain is tackling the work of the building up an efficient 
dyestuff industry. Our universities^nd factories have conducted 
no mean volume of research, to which the scientific and patent 
literature bear witness. Wide fields ojSif investigation have been 
explored and numerous improvements in existing, and achievement 
of new, processes recorded. Valuable work upon the molecular 
configurations of adjective dyestuffs, and the nature of their com- 
binations with metallic mordants, continues, and further important 
contributions to our knowledge of this subject have been published.^ 
Much interest has been aroused by the publication of^’ the results 
of an investigation carried out by British researchers bearing 
upon the relation between the chemical constitution and antiseptic 
aption of coal tar dyestuffs.* 

Mention should be made of a literary contribution of some 
magnitude which is in process of compilation under the auspices 
of the Society of Dyers and Colourists. The “ Colour Index,'* 
as it is styled, is a work of reference on the lines of the ’old — and 
how somewhat out-of-date — German “ Farbstofftabellen ** of 
Schultz and Julius, and when completed, will bo a thoroughly 
up-to-date compendium of information on dyestuffs, designed to 
supply a long-fejt want to colour ‘manufacturers, users, andiStudents 
—the colourists of the future 

' The primary object of these efforts is the production of dyestuffs, 
and it be conceded thaj, in spite of many serious set-bacto* 
such as financial stress and trade depression, real'progress h^s be0n ^ 

- , • \y' 

T. Morgan and (^llabpifktorj, Chem. Soc. 1922, 

1323. 1967, 2432.' . 

* *i, H* Fairbrother and A. Renshaw, J., 19^2, 134 t. 
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made difting the year under review. Colours already in manufac- 
ture have been improved in ^ality to meet the demanJs of the 
consumer, who, quite justifiabjjr, expects to ife> suppUed with 
products which will enable him to hold his own in competition with 
his foreign competitors. This type of advance on the part, of the 
dye maker is not always accorded the appreciation that it deserves, 
for it ofUn represents a form of progress which, like experience, 
ollly comes witlk time or rather, perhaps, with opportunity to 
practise processes involved. At the same time one would wish 
to })lace on record the very earnest desire evinced by the consumer, 
in general, to avoid excess in his demands in this respect, ^d to 
afT(»rd facility for the attainment of the desired result. If it cannot 
b(‘ claimed that many entirely new colours have been turfted out, 
it must be remembered that the actual demands of Uie dyer and 
printer hav^ to receive first consideration, and these have, naturally, 
bepi for commodities already tried, approved and used. Thus it 
follows that for some time the British dye maker will be principally 
Occupied in consummating the manufacture of colours which were 
Mtherto the monopoly of foreign firms — often an extremely difficult 
and laborious process. In pursuance of this policy a considerable 
^vumber of new and important members have been added during 
the year to the existing comprehensive range of British colours. 

"Jhere is evidence that the difficulties that have beset the manu- 
facturer of dyestuffs in this country have not been peculiar to Great 
Britain. America, whose advance has followed very similar lines, 
has likewise^ suffered from the same cause. France claims to be in 
i'l ])osition supply 75% of her own requirements which are, how- 
ever, smaJJ. Tlg3 Swiss dye factories, whose interesti; are now 
pooled, coittinup.to make headway and some distinctly novel ranges 
of products — principally in the realm of fast acid colours for wool 
— have been launched. In the main, however, th(?y follow the 
German lead. There is no reason to believe that the German 
effort is being in any ciegree relaxed. Certain it is that she contem- 
plates, with no little misgiving, the near approach of a time when 
the world’s output of dyestuffs will greatly exceed the demand. 
Equally clear is it that she is shaping her course accordingly and 
developing those ramifications of the synthetic dyestuffs industry 
which have been regarded as side-lines, but which might conceivably 
become thq main field of expansipn, fostering *the growth of seed, 
vhich nihy one day prove as fertile as that of the cpal tar colour 
industi^ sown in this country by Perkin in 1856, and transplanted 
to bear airich harvest of fruit in Germany. 

SlJLPHONATION. 

Investigation iriiJo the influence of temperatureygj^d the presence 
of the methyl group u^op the speedy of sulphonation \>t ph^dls 
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has revealed the variability of the velocity with the temperature 
and the position of the methyl grouj. Accordinj^ to the conditions 
obtaining the infuence may be^ one either of acceleration or 
retardation. “ 

Sodium, in the form of carbonate, has been recommended a's 
catalyst in the further sulphonation of benzcnemonosulphonic 
acid,, to benzcnedisulphonic acid. Alternatively, 'vanadium 
pentoxide may be used with good catalytic effeat.* 

A simple method' of separating the monosulphonic acids from 
the mixed sulphonic; acids obtained by sulphonation of j5- 
naphtjiylaminc is described. This consists in dissolving the mixed 
acids in soda, and slowly adding to the solution the quantity of 
sulphurfb acid theoretically required to precipitate the whole of 
the jff-naphtJiylamine-S-sulphonic acid. The precipitate is prac- 
tically pur(5 ^-naj)hthylamine-H-siilphonic acid. The ^-naphthyl- 
amine-5-sulphonic acacl remains in solution together with a small 
quantity of the 2.0 and 2.7 isomers.''* 

As an improvement upon the usual method for the commercistl 
production of 1.4-n»phtholsulphonic acid from a-nitronaphthalenb, 
via naphthionic acid, it is proposed to start with a-naphthol, 
which is sulphonuted at a comparatively low temperature in an 
inert solvent by means of chlorosulphonic acid.* 

Alkali FtisioiriSi. 

A method of manufacturing dihydroxyanthraquinon(‘s consists 
in heating monochloroantliraquinones with aqueous caustic alkalis 
in presence of oxidising agents. Thus, Alizarin ^s obtpiined from 
2-chloroanthraquinone by heating in an autoclaye with caustic 
soda in presence of sodium chlorate,^ 

KiTRo-CoMrouj^ns. ^ 

Attention continues to be given to the mechanism of nitration 
of aromatic compounds, particularly phenol and toluene, upoii 
which a vast amount of research was done during the war period. 
Evidence has been brought forward to show that in the nitration 
of phenol not only is the reaction facilitated by extensive pre- 
sulphonation, but that the position of the sulphonic groups intro- 
duced has a marked influence. * Thus a sulphonic grou;^ in the 
2 }-po 8 ition to*the hydroxy group is more readily displaced by a 

•A. F. Ctimpbell, Chem. Soc. Tram., 1922, 121, 847 ; J., 1922, 496a. 

* C. E. Senseman, J. Ind. En^. Chem., 1921, 18, 1124»; J., 1922, 169a. 

* G. R. Levi, Oiorn. Chim. Ind. Applic., 1921, 8, 97; J., 1921, 603a. 

*^rit. Dyes. Corp., J. Baddiley, J, B. Payman and E. G. Bainbridge 

B.1?. 186,515.' 

A. H. ©avies and Scottish Dyes, E.P. 174,101 ; J., 1922* 212a. 
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nitro group ^nan is one in the o-position.® This supports the 
conclusions of previous workers.® The effect of condit2>ns upon 
the prhducts of nitration of*tgluene has beenv*the subject of a 
detailed investigation.^® 

• By nitration of 5-nitroaceto-m-toluidine two new isomeric 
dinitrotoluidincs have been prepared. When the nitration is 
])erforme(l in presence of sulphuric acid S.b-dinitroaceto-m-tolv^dine 
fbrms the bulk <if the product, whilst if fuming nitric aCid alone 
is used the result is principally the 4.5 iaomericle. The 5.6-dinitro- 
w-toluidine crystallises in orange-yellow plates, . m.p. 165° C. ; 
tlio 4.5-dinitro-m-toluidine forms large brownish-yellow ^eedles, 
m.p. 141° 0.’^ The nitration of tetrahydronaphthalene with mixed 
nitric and sulphuric acids, hitherto considered to be a •practical 
impossibility, has been achieved. It is essential that^^the tempera- 
ture durii^ the reaction bo kept below 50° C. Dinitro- and 
tri;utrotctrahydronaphthalone can be obtained according to the 
conditions of working 

» Th(^ course of the reaction between p-nitrobenzenediazonium 
chloride and sodium sulphite' has been elucidated, and ammonium 
sulj)hite established as an advantageous and inexpensive reducing 
^gent for the production of p-nitrophenylhydrazine and its 
analogues.^® 

In studying the possibilities of nitrogen dioxide as a nitrating 
ag(mt it has been found that, although unreactive towards aromatic 
hydrocarbons m the (;old, at 80° C. it attacks benzene, converting 
it chiefly into 1 .3.5-trinitrobenzene, oxalic acid, and substances of 
the aliphatic scries. Phenol is readily nitrated when dissolved in a 
cold mixture o^ benzene and petroleum ether and treated with a 
solution <5f nitvegen dioxide in the same solvents, giving o- and 
p-nitrophenol free from tarry by-products. Acetanihde is not 
nitrated in the nucleus, but the acetyl group is removed and 

benzenediazonium nitrate formed.^* 

« 

Aromatic Amines. 

A good deal of work has been devoted to the catalytic reduction 
of nitrobenzene in vaporous form. It is claimed that a yield 
of 95% of anihne is obtained by passing nitrobenzene vapour 
mixed with hydrogen over a reduced nickel or copper catalyst 

" R. King, Chem. Sue. Trans. ^ 1921, 119, 2105. • 

® M. Marqueyrol, P. Carre, and P. Loriette, Bull. Soc. Chim., 1920, (IV.), 
27. 143» * 

H. Gibson, R. Duckham, and R. Fairbaim, Chem. Soc. Trane., 
1922. lE^, J70. 

^ O. L. Brady, J. N. S. Day, and W. J. W. Rolt, ibid., 1922, 121, 628 ; 
J., 1922, 863a. , 

« G. Schroeter ^d W. Schrauth, E.P. 148,923. 

” W. Davies, C/tem. Soc. Trane., 1922, 121, 715. 

• »*H. Wieland, A. Bel'nheim, and P. B6hm, Ber., 1921, 64, 1776. 
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at C.^* Eeduction takes place at a lower temperature when 
oobalt is tjsed in place of nickel. Iron carries the reduction further 
than copper, but o^ot be used witlf the same freedom on aecount 
of its vigorous action. Silver is &n excellent catalyst. . A wide 
range of substances has been classified as catalytic or non-catalytio 
in this connexion.^® The use of lead results in the formation of 
azoxjbenzene, azobenzene, and aniline. Bismuth gives Jiydrazo- 
benzene m addition. It appears that azobenzene ^s best obtained 
by employing lead Catalyst prepared from yellow litharge.^’* 

In the manufacture of aminoanthraquinones it has been found 
to be advantageous to start from chloroanthraquinones instead 
of, as hitherto, the corresponding siilphonic acids. Better yields 
of superior products are thereby obtained. Thus, an almost 
theoretical yield of 1-aminoanthraquinonc is stated to be obtained 
by heating l-chloroanthraquinone with aqueous ammijnia in an 
autoclave. The presence of copper promotes the* reaction.^® 

r 

Halooenation. 

A somewhat remarkable case of migration of a substituent 
halogen atom has been noticed in the production of /?-chloro- 
or /J-bromo-anthraquinone by heating the corresponding halogen- 
anthraquinone with concentrated sulphurj^ acid. Apparently the 
new position assumed by the halogen is always meta to that 
originally occupied, so that the conversion is onjy possible in 
those substances in which the meta-position is free.^® 

. By direct chlorination, under suitable conditions, of 2-amino* 
anthraqilinone suspended in nitrobenzene, chlorobenzene, oi 
acetic acid it has been found possible to obtain a good yieM of free 
l-chloro-2-aminoanthraquinone, without previously 'protecting the 
amino group by acetylation.®® Chlorination of toluene undei 
different conditions shows that at an elevated temperature, in the 
abs<^nce of a catalyst, benzyl chloride is almost the sole product 
The presence of lead chloride alters the course of the reaction 
resulting in the formation of a mixture of the two isomeric chloro- 
toluenes containing about 62% of the ortho isomeride.*^ The 
emplo 3 rmont of sodium carbonate, in quantity sufficient to neutralise 
the hydrochloric acid formed, is a feature of a process claimee: 
Iot the manufactiq^ of l-chloro-4-hydroxyanthraquinone bj 

**0. W, Brown and C. O, Henke, ‘J. Phys. Chem.y 1922, 26* Itl ; */. 
1922, 322a. • , 

0.' W. Brown and C. O. Henke, ibid.t 1922, 26, 272 ; J,, 1922, 406a. 

; 0. W. Brown and C. O. Henke, ibid., 1922, 26, 324 ; J., 1922, 406a. 

i Thomas^ A. H. Davies, and Scottish Dyes, E.P. 173,006 ; J., 1922 

» J*. Atack and G. W. Clough, RP. 169,732 ; J., \922, 840a. 

A.‘W. Fyfe and Brit. Dyes Corp., !fe.P. 173,166. 

P A. Wahl, G. Sfi^rmand, oitld G. Vermeylen, Comptea rend., 1922, 174, 646 
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passing* chlorine through a nitrobenzene suspension of oj-hydroxy- 
anthraquinone.“ I The prepamtion of ^?-chlorobenzyl olRloride by 
chlorination of benzyl chloride^ in presence of tibdine as carrier is 
unsatisfactory, owing to the simultaneous formation of much 
*of the ortho and traces of the meta-isomeride, as well as difficulty 
separable iodine derivatives.*^ Practically complete separation of 
the 2.5^ichloro- and 2.5.6-trichloro-toluene-4-sulphonic #^ids 
formed by chlorination, under suitable conditions, of fbluene-p- 
sulphonic acid is possible by taking advantage of the great 
difference in the solubility in water of the respective sodium 
salts.** In the same way the separation of the pro(^cts of 
chlorination of toluene-o-sulphonic acid — ^namely, the 4-chloro 
and fi-chloro derivatives, is effected.*® 

Alizarin is more reactive than quinizarin towfcrds bromine. 
According to the conditions of bromination the latter gives rise to 
qtiinizarinquinone or quinizarinquinone dibromide, whilst alizarin 
^ gives 3-bronioalizarin or 3-bromoalizarinquinone. In methyl 
^alcoholic suspension, with ice cooling, quinizarin and alizarin are 
converted by bromine into quinizarinquinono"m ethoxy bromide and 
alizarinqiiinone raethoxy bromide respectively.*® 

Valuable contributions have been made to our knowledge of 
the application of sulphuryl chloride as a chlorinating agent. Here- 
tofore, this substance has found little employment for the purpose, 
owing to the difficulty with which it reacts with benzenoid hydro- 
carbons under ordinary conditions. It has now been found that in 
the presence of suitable catalysts, e.g.^ aluminium chloride together 
with some sulphur compounds, benzene can be readily chlorinated. 
Highly doloure*! intermediate compounds are formed during the 
reaction, whicTi is almost exclusively one of chlorination.*^ When 
aniline is acted upon in the cold by sulphuryl chloride in ethereal 
solution a mixture of 2.4.6-trichloroaniline, 2.4-dichloroaniline, 
and p-chloroanilintf is obtained, the two latter as hydrochlorides 
which are not further chlorinated in the cold. In boiling benzene 
the lower derivatives are completely chlorinated to 2.4.6-tri- 
chloroaniline. Anthranilic acid is similarly converted in ethereal 
solution into a mixture of 3.5-dichloro-2-aminobenzoic acid and 
5-chloro-2-aminobenzoic acid (iw-chloro), whilst in benzene solution 
it is clilorhu*.ted to 3.5-dichloro-2-aminobenzoic acid. jp-Aminot 
phen<^ reacts with sulphuryl 'chloride at 70° C, giving 2.3.5.6- 
• 

W.^tack and G. Robertson, E.P. 173,805. 

** S. L. u. Olivier, Rec. Trav. Chim.j 1922, 41, 419. 

Dyefk. Corp., A. G. Green, arid D. A. Clibbens, E.P. 169,025. 

*® Brit. Dyes. Corj^., A. G. Green, and A. E. Herbert, E.P. 170,056. 

** O. Dimrotih Ipl. Schutze, and F. Heinze, J5cr., 1921, 64, 3035 ; t/*., 
1922, 5U. 

• « O. SUberrod, Cheih. Soc, Trans,, 19^1, 119, 20297?., 1922, 93a. • 
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tetrachlorp-4-dichloroamino- I'hydroxybenzene, m .p . 7 15° C.^ ® The 
products the reaction between pyrojiulphuryl chloride and toluene 
in presence of aluhfinium chloride tinder different conditions have 
been the subject of investigation/'^® 

Oxidation. 

ThB trend of inv(^stigation has been (;hiefly in the direction of 
oxidation* by electrolytic methods and developmait of processes*^ 
for air oxidation of hydrocarbons through the medium of a catalyst. 

It appears that clectr{)lytic oxidation of leuco-Malachite Green 
only tajkes place in the presence of a catalyst, the most suitable 
for the purpose being uranyl sulphate. High temperature and low 
concentra^iion favour the reaction.^® The product of elcctrol 3 rtic 
oxidation of apobenzeme described by Heilpem as tetrahydroxyazt)- 
benzene appears, on further investigation, to be a complcfc mixture 
from whieh 7 >p>dihydroxyazobcnzene and 5^^s-phenyl-pjo-disazo- 
phenol 

KO <1^ y-N:=:-N— ^ ^-N - )> OH 

have been isolated. 

Anthraquinone has been preparecT by passing a mixture of 
anthracene vapour and air over powder^ pumice coated with 
vanadic acid.^® The use of titanium compounds as oxygen carriers 
has also been recommended. The presence of a small quantity 
of oxide of nitrogen acts similarly when anthracene and its deriva- 
tives, in solution or suspemsion, are subjected to the action of 
oxygen under pressure. In employing the latter process excellent 
yields of high quality are claimed in the presence of Ain agcjtt which 
readily fixes nitric acid, such as sodium acetate, o whereby the 
reaction may be carried out in sin acid solvent or suspension which 
need not necessarily be anhydrous.®''^ Phthalic anhydride is made 
by air oxidation of naphthalene in presence of vanadyl chloride,®® 
vanadium pentoxido, molybdenum trioxide,®^ or titanium com- 
pounds.®® 

The important discovery has been reported that in presence of a 
sui^ble oxygen carrier such as oxide of vanadium or molybdenum, 

W. Eller and L. Klemm, Per., 1922, 56, 217. 

W. Steinkopf and K. Buchhoim, Per., 1921, 54, 2963. 

A. Lowry and E. H. Haux, Trans,. Amer. Electrochem. Poc., 192L 99. 

«F. Fichter and W. Jaock, Hclv. Chim. Acta, 1921, 4, 1000. 

“A. Wohl, E.P. 156,244 ; J '., 1922, 407a. ® 

»»F. W. Ataek, E.P. 182,843 ; J., 1922, 662a. 

Chem. Fabr. Worms, A.G., E.P. 156,215, 156,538, 156,540 ; J., 1922, 

407a. 

* »®.CheIn. Fabr. Worms, A.G., E.P. 169,145 ; J., 1^22, 496a. 

** Brit. Dyes. Corjp., A. G. Green, and«J. W. Porter, E.P. 164,785. 

0. Conover D. Oibbs,* J. Jnd. Eng. Chem,, 1922, 14, 120. 

* F. W. Atack, E.P.> 182,843 ; J., 1922, 662iV ’ 
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a-nitronaphthalene is converted by oxidising agents into phthal- 
imid§ without f, any formation of nitrophth£^c acid!®* Under 
conditions hitherto employed 'only nitrophthajic acid has resulted, 
owing to the resistance to oxidation offered by the ring containing 
the nitro group. 

In view of doTibts expressed as to the nature of the blue oxidation 
^ product of diphenylamine, it is to be noted that cqnfirlnatory 
evidence has ^^een brought forward that nthis compound is an 
imonium salt of NN-diphenylbenzidine.*“ 

Condensation. 

Whereas the normal product of the reaction between phthalic 
tpihydride and phenol in sulphuric acid is phenolphthalein, in 
})resenco of boric acid the reaction takes an entirely different 
(-our.se, fe.sulting in the formation of a-hydroxyanthraquinone. 
^Similarly, phenol-p-sulphonic acid gives l-hydroxyanthraquinone-4- 
sulphonic acid, which on further treatment with sulphuric acid 
is converted into quinizarin. By adopting suitable conditions 
the same end product can be obtained direct j^rom phenol. Another 
striking example of the influence of boric acid is seen in the con- 
densation of phthalic anhydride with resorcinol. Under ordinary 
conditions tluj })reparation of Fluorescein is attmided by the for- 
mation of only traces of resorcinolphthalein. In presence of 
boric acid, however, fair yields of the latter are obtained.*® 

In the <;ondensation of o-beuizoylbenzoic acid to anthraquinone 
it is claimed that diluted sulphuric acid is as efficient as con- 
centrated a(!id.*'^ The product formed by dehy4fation of the 
o dinn^^iylbeilzoylbenzoic acid, obtained by interaction of o-xylene 
and ])hthalic^ anhydride in presence of aluminium chloride, which 
has hitherto been regarded as 2.3-dimethylanthraquinone, has now 
been identified as a mixture of the two isomerides 1.2-dimethyl- 
aiithraquinone amd 2.3-dimethylanthraquinoiie.** Tetrahydro- 
naphthalene and phthalic anhydride condense, in presence of 
aluminium cliloride, with benzene as dilutent, to j8*tetrahydro- 
naphthoyl-o-benzoic acid which, under the influence of fuming 
sulphuric acid, yields a mixture of a* and ^-tetrahydronaphth- 
anthraquinone.*® Internal condensation products are form^ by 
the action of fuming sulphuric acid upon* l-nitro-2-alkyl-anthra- 

Brit. Dyes. Corp., A. G. Green and S. J. Green, E.P. 183,044 ; «7., 
I92f, 603 a. 

K. Kehrniann and G. Roy, Rcr., 1922, 56, 156. 

L). Sogaller, D. H. Peacock, and Brit. Dyes. Corp., E.P. 176,025 ; J,, 
1922, 408a. * 

*“ O. Fischer and M. Bolhnan, J. prakt. Chcm.j 1922 (ii), 104 , 123. 

”F. W. E.P. 176,234; J., 1922, 323a. 

** A. Fairbourne, Chem. Soc. Trans., 1921, 119 , 

*» Tetralin Ges.. (l.P. aA6,673 ; J., 1922, 497a. 



92 IdSFOBTS^Of THE ^lO&BBSS OF APPLIED 0HEU1STB7. 

„ ' * 

i|umd^es, j;)y the elimination of a molecule of water. These are 
probably iio-oxazole derivatives of ^h© type 

‘® N-^0 

/\_C()_/\_C_K 

f 

and are dh^scribed as extremely reactive compoun/ls which con-' 
stitute valuable intermlidiates for the manufacture of anthraquindne 
dyestuffs.^® New ketonic substance of the quinoline series, 
described as useful dyestuff intermediates, are prepared by heating 
3-phenyll^uinoline-4-carboxylic acids with concentrated sulphuric 
acid.®’ They arc of the type 




Interest continues in the reaction between carbonyl chloride 
and benzene in presesnee of aluminium chloride. Attempts to 
produce anthraquinone in this way, however, have not yet suc- 
ceeded.®® 

TT ^ 

Hydrogenated Naphthalene Derivatives. 

Tetrahydronaphthalene compounds have been widely investi- 
gated, and much work on the nitro-, amino-,®® sulpho-, and hydroxy- 
derivatives®® has been reported. ar-Tetrahydro-jff-naphthol is 
prepared fcy sulphonating tetrahydronaphthalene and subjecting 
tile alkali salt of the resulting sulphonic acid to alkalt fusioti. The 
yield by this method is better than that obtained by nVdrogenation 
of /?-naphthol. A study of the formation of ar-tetrahydro-a- 
haphth'ol by reduction of a-naphthol with alcoholic sodium, has 
shown that the course of the reaction is the same as that in the 
hydrogenation of a-naphthylamine and of naphthalene under the 
flame conditions.®® 

In opposition to previous contentions it is now claimed that 
tetrahydronaphthalene can be readily nitrated by mixed nitric 
and sulphuric acids, provided the temperature and the amount of 
water present be controlled within certain defined limits.*® 

®® Meister, Lucius,, imd Briining, E.P. 147,001, 160,433 ; J., 1922, sSa. 

®’ Mejstei:, Lucius, und Briining, G.P. 343,322 ; J ., 1922, 136a. ♦' 

^ R. E. Wilson and E. W. Fuller, J. Ind. Eng. Chem., 1922, 14, 406. 

Annalen, 1922, 426, 17 ; J., 1922, 133a. 

' / 1922, 426, 83 ; J ., 1922, 133a. 

Q. Sohroeter and W. Sclirauth, E.P. 148,408. 

■ ' ' F- M. Rowe and E. Levin, Chem. Soc. Trana.y 1921, 119,^021 ; J., 1922, 

* **61. Bchroetor and W.. Sohrauth, E.P. 148.923*. ' 
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*SuLPHATO (Alcoholic Sttlphonio Acid) Compotods. 

An entirely pew principle, apparently susceptible oC very wide 
application in dyestuff manufacture, is presented in the introduction 
of an acidic group (SO^H), for which the name of “ sulphate ” 
has been proposed.®* This group is introduced into primary or 
secondary aromatic amino compounds, its presence conferring 
properttes similar to those associated with the sulphonic* group, 
tl^at is to say solubility in aqueous solutions and ability to dye 
animal fibres from an acid dyebath. In general the sulphate 
group is introduced in two stages, the first of which consists of a 
conversion of the amine by the action of ethylenochlorhydrin, 
or a hornologue, into a hydroxyalkylamino of the type^ 


f 


R— N 


/ 

\ 


Cj^ 4.0H 

z 


or 


R— N 


\ *• 


^vhere K represents a substituted or non-substituted aromatic 
residue, and Z is hydrogen, alkyl, aryl, etc. Thus, aniline gives 
either mono- (1.) or di- (II.) oxyethyl-aniline. 

C,H,NH. 0 ^ 40 H ' C,H,N(C 2 H 40 H)a 

I, II. 


The second stage is effected by simple treatment with concen- 
trated sulphuric acid, whereby the sulphato-compound is 
formed, e.g., disulphato-diethylaniline, C6H5.N(C2H4.S04H)g. 
Alternatively, the conversion of the amine into a sulphato-alkyl- 
amine may be effected in one stop by reacting upon it in a neutral 
or alkaline solution with chloroethyl hydrogen sulphate (C2H4.CI' 
804!!)^ prepared by dissolving ethylenechlorhydrin ip concentrates 
sulphuric acid : 

C.H,^Hg-l-2C2H4ClS04H — C.H5N(C,H4.S04H)a-f 2HC1. 

The sulphato-alkylarylamines react analogously to the ^Ikyl- 
arylamines, and like the latter, can be coupled with diazo- 
compounds, condensed with aldehydes, etc. The development 
of this new phase in the technical applications of colour chemistry 
will be watched with interest. 


Triarylmbthane Dyes. 

It is known that over-oxidation of leuco-triphenylmethane dyes 
occura if excess of lead peroxide be used. In the case of «leueo- 
Mal^hite Green tetramethyldiphenoquinone-imonium perchlorate, 

4 C104.N.Mea=<^'^'^^==:^'^^=N.Mea.C104. 

is fomed, together with benzoic acid. The same product results 
from Hie oiddation of tetramethylbenzidine. Similarly, leuoo- 

** A. CU Green, K. H. Saunders, and Brit. Dyes«MC/?rp.i E.P. 181,750 
1932, d25A. 



M fiXPOBXS^V THE PBOGRBSS OP APPLIED CHEMISTRY. 

# * 

Brilliant Green and tetra-ethylbenzidine yield tetra-ethyldiJ)heno- 
qninone-imonium perchlorate. ® ® 

New red^ordan|; dyes are prcparecFby condensing a mcth}lene- 
disulphodiarylido-o-fiydroxycarboxyhc acid, formed from two 
molecules of an arylido-o-hydroxycarboxylic acid, containing a 
fliiljohonic acid group in the aryl nucleus^ with formaldehyde. On 
chromed wool or cotton the dyes give fast bright-red sha/les. It 
is claiiacd,, that for printing, especially, they possess advantage^ 
over the corresponding non-sulphonaied dyes, both in brightriess 
and in fastness. 

Recent work on the furane analogue of Malachite Green has 
apparently established the fact that, in addition to the reduced 
product, djiimmodiphenylfurylmethane, possessing a light yellow 
colour, the dyestuif, both in the form of zinc chloride double salt, 
and as oxalat6, is more deeply coloured than Malachite Green. 
Dyeings made from the two dyes are indistinguishable as regards 
fastness to light, alkali, milling, etc. That of the furane compound 
is grey-blue.” 

It is claimed that ^direct affinity for unniordantc'd cotton is * 
possessed by basic triarylmethane dyes obtainc‘d by condensing 
arylbenzthiazoles, such as dehydrothiotoluidine, with Michler’s 
hydrol, followed by oxidation. The new dyes dye unmordanted 
cotton very bright shades of green, whilst me shades on wool and 
tannin-mordanted cotton are said to be faster tlian those of known 
green basic dyes.®® 

Superior solubility in dyes of the triarylmethane seri(‘s is effected 
by introducing oxyalkyl groups attached to nitrogen. Thus, the 
dyestuff corresponding with Victoria Blue R, but contajning a 
hydroxyethyl group in place of an ethyl group, has similar properties, 
but is distinguished by greater solubility.®® 


Azo Dyes. 

Again azo dyes have occupied first place in point of volume of 
research carried out in dyestuff chemistry. This is, undoubtedly, 
due to the vast possibilities of the azo reaction, in the realm of 
which new fields are constantly being opened out, and to the 
comparatively ready attainment, within the series, of products 

w 

J 1922 Chim. Acta, 1922, 6, *163 ; 

DuranS and Huguonin, U.S.P. 1,403,888 ; J., 1922, 170a. * 

t' R. R. Renshaw and N. M. Naylor, J. Amer. Chem, Soc., 1922, 44, 862 } 
1922, 365a. 

Baddiley, E. H. Rodd, and H. L. Stocks, E.P, 
T1«6,617 y; 1922, 934a. • 

i Corp., A. G. Green, K. H*. Saunders, and C. Bate, E.P, 

U8J,612 ; J.,1932, 855^*' * ' ; 
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possesi^g beauty and brilliancy of 'shade coupled with a degree 
of fastness formerly only associated with the more cos^y dyes of 
other ‘categories. Moreover, \he advent of certain groups of azo- 
colours has been hailed by tfie dyer not only because of these 
• fine qualities, but also because they mark a new era in the practice 
of dyeing, by virtue of greater ease of application, shortening 
of process, and consequent beneficial effect uj)on the material 
tlyed. 

Iliere has been continued activity in 'investigating soluble 
metallic lakes, principally those of chromium and copper, of azo 
dyes, aiming at the production in a single stage of dyed shades 
comparable in fastness to light and washing with those iT)rmerly 
achieved only through the medium of se])arate treatment with 
metallic salts. Direct cotton dyes, fast to hght and ironing, 
are prep^i^ed by treating azo dyestuffs, from r).5'-aihydroxy-2.2'- 
diuaphthylaraini;-7.7'-disulphonic acid and a diazotised amine 
contaijiing a snlphonic or carboxylic acid group in ortho position 
'to the amino group, with copper compounds.®" Soluble red- violet 
•»to blue- violet lakes are obtained when azo ^dyestuffs prepared by ^ 
(joupling diazotised anthraniUc acid, or its d(*rivatives, with fi- 
naphthylamine, or its sulphonic acids, are boiled with chromium 
fluoride.®^ 

The combination of diazotised l-amino-2-hydroxynaphthalene- 
4-sulphoni(! acid with halogen substitution products of a-naphthol 
has been found to result in dyes w'hich dye wool from an acid bath 
red-violet shades changing to grey to blue on chroming. If, 
however, these dyestuffs are boiled in aqueous solu^on with 
chromiui^ salts they yield soluble chromium dyes po^ssessing good 
levelling prop 'Arties and capable of giving shades fast to light 
upon wool from an acid bath. Thus, the chromium compound 
from l-amino-2-hydroxynaphthalene-4-sulphonie acid and 

1 - hydroxy-5. 8-dichloronaj)hthalene dyes a fast greenish-blue 
shade, 

A new series of mordant azo dyes which can be applied to wool 
by either the “ on-chrome,” “ after-chrome,” or “ metachrome ” 
process, is available in products obtained by coupling polyhalogen- 

2- diazo-hydroxy-derivativeB of the benzene series with acidylamino- 
hydroxynaphthalenesulphonic acids. For example, 3.4.5-trichloro- 
2-*amipo-l -hydroxybenzene gives with l-acetylamino-8-hydw>xy- 
naphj^alene-4-sulphonic acid a dyestuff which dyes wool with 
chrome mordant a blue shade fast to light, washing, and milling.*® 
Itelated m type are the monoazo dyes derived from picramic 

•® F. Bayer und Co., E.P. 165,083 ; J., 1922, 664a. 

“ F. Bayer J^d Co., E.P. 170,155 ; J., 1922, 841a. 

“Soc. Chem. Idd. Baele, U.S.f>. 1,402,350; J., 1922, 137a. 

• •* W. Herzberg and*0. ^harfenberg. U.S.P. 1,4(187297 ; J,, 1922, ^88a* 
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acid and a 2-acidylaminophenol containing a monovalent suIVstltuent 
group in ^position 4. Thus, the dyestuff 
% OH fik 

NOy V-N-N — /NnH.COCH, 


NOo 


CHa 


giver olivc-hrown shades on wool, of excellent fastness to light, 
washing, milling, and potting.®^ 

An interesting coupling component for the production of fast 
chroming dyes lias been found in hydroxy quinoline. When 
2'amiii'.o-l -hydroxy benzene-4-sulphonic acid is used as the diazo- 
tisable amine along with 8-hydroxyquinoline, the resulting dyestuff 


OH OH 

S03H 


dyes wool from an acid bath a brown shade, which, on after-treat- 
ment with bichromate, changes to a bordeaux, fast to light and 
milling.®® ' ^ 

New level-dyeing trisazo direct dyes of th^iype 


^ OH 

(HO,S)xR'— N=N— R"— N«N— K'"— N=N— 

dye cotton reddish -blue shades which, when developed on the 
fibre with j^-naphthol or m-diamines, are converted into bluish 
greys fast to light and washing (R' represents an aromatic 
radicle, R" ?ind R'" being sulphonated or unsulphonatet^ aromatic 
radicles).®® 

In the insoluble azo colour series produced in situ on the fibre 
a distinct step forward has been made in the introduction of 
stable mixtures of a nitrosamine salt of a djazo compound and 
a hydroxynaphthalene compound. A range of such mixtures is 
now in commercial use.®’ They consist in general of the stable 
diazo salts of bases mixed with naphthols, naphtholcarboxyUc 
' acids, naphtholcarboxylic acid arylides, etc., and present a simpli- 
fied method of producing the respective shades. Their application 
is, indeed, simple, the colours being developed by merely steaming. 
This promises to be an important, advance from a calico-p|inting 
point of view. Some representative members of this group firfe 
‘Rapid Fast Red GL,®® Rapid Fast Red 3GL, Rapid Fast Red GG, 


« W. Laiige, U.S.P. 1,408,363 ; J., 1922, 288a. 

«^ll. Haugwitz, U.S.P. 1,419,600 ; J., 1922, 683a. 

1® J. P^icheil, U.S.P. 1,416,021 ; J., 1922, 497a. 

Products of the Farhfab.«GriMheinl-Elektron. 

M J*. M. Rowe Aiui E. Levin. J. Soc. Duera and fJoL. 1921. S7. 204. , 



00L0X7Ki;^a mattbb aitd^dybs. 07 

Rapid TFast R«d B, which consist oi the anilide of /9-hydroxy* 
naphthoic acid ^ixed with o-nitro-p-toluidine, ^-chlcfo-o-nitro 
anilinft, p-nitroanilinc, and %-^tro-o-anisidin(^ respectively ; and 
Rapid Fast Red BB which is a mixture of the p-nitroanili5e 
*of jS-hydroxynaphthoic acid with the nitrosamine salt of 
5-nitro-o-anisidine. 

Much •attention has been given to the preparation of^ new 
intermediates f<M“ azo dyestuff manufacture. The newly-described 
“ sulphato ” compounds, which comprise 'intermediates for a 
wide range of dyestuff categories, are dealt with on page 93. 
Promising results have been obtained in the aminonaphthotriazole 
series. For example, 5-amino-1.2-naphtho-p-tolyltriazole (I.), 
obtained by oxidation of p -toluene- l-azo-5-nitro-/3-naphfhylamine 
and reduction of the nitro group, is useful as a firsts but not as a 
middle, cqpiponent of polyazo dyes. (The amino group in position 
5 is somewhat unreactive.)’® On the other hand the isomeric 
8-amino- 1 .2-naphtho-p-tolyltriazole (II.), 


X]>n.c.h,.ch, 


0(7 

NHa 



prepared in a similar manner from the corresponding 8-ammo 
compound, is* found to be much more reactive, indicating its 
possible utility as a middle component for polyazo dyes. Both 
8-amino-1.2-naphtho-4-aminophenyltriazole (III.), and vd-amino- 
1.2-naphtho-4-^minophenyltriazole (IV.), • 




X 1 >N-CeH*NH* 


III. 


V 


IV. 


obtained by reduction of the corresponding nitro compounds, 
are readily diazotised in aqueous solution, and the resulting 
bisdiazonium salts couple easily with naphtholsulphonic acids to 
form diTOo dyes.’^ ^ 

The^kilability of methylamine hydrochloride on a commercial 
scale ^as facilitated the production of alkyl compounds of the 
type : 2-aryl-p-sulphonyl-2-alkyl-1.2-naphthylenediamine and their 
Bulphonir acids, which investigation has shown to possess valuable 
properties as intermediates : 2-toluene-p-sulphonyl-2-methyl-1.2-, 

•* Private cov>Tnunication from F. R. Stafford, 

G. T. Morgan Wd S. Chazan, J., 1922, It. 

Q, T. Morgan and»H. Gilmour. 1922, 61t. 



98 


BBPORTI^ or THE PROGRESS OP APPLIED OHEmSTRY. 


f 

naphthylenediamine and 2'toluene-j)-sulphonyl-2-niethyl-l.^*naph- 
thylenediinaine-6-sulphonic acid 


NH 2 

/yy 


NH 2 

/V\- 


so^i 


\. 




/CH 3 * 


prepared by the action of toluene-j5-siilphonic chloride or methyl- 
^-naphthylamine and mothyl-]5-naphthylamine-6-8ulphonic acid 
respectively, followed by nitration and reduction, can be employed 
as primary, middle, and end components in the formation of 
complex azo colours. When they are used as coupling components 
the resulting dyes are characterised by their greater brilliancy as 
compared with the corresponding dyes from a-naphthylamine or 
Cleve’s acid. This striking difference is attributed to the presence 
of the substituted side chain -N( 0 H 3 )-S 02 -C 7 H, in the , d-position. 
Whereas the unsulphonated diamine presents a serious technical 
difficulty in that its sparing solubility renders diazotisation in 
aqueous media slow, the sulphonic acid is free from this 
c disadvantage.’^ 

Azo colours having the properties of sulphide dyes are described. 
When chlorodinitrobenzene is condensed with dehydrothiotoluidine, 
and the product reduced with ammoniuiy sulphide, a base is formed 
which, when diazotised and coupled with a- or /5-naphthylamine, 
gives a product which dyes cotton bluish-red from a sulphide 
bath.’3 


Azihe, Oxazine, and Thiazine Dyes. 

It has been claimed that by the application of st^ndard^roactions 
for the preparation of dyestuffs of this group to int(5rmcdiates 
containing one or more hydroxyalkyl groups attached to nitrogen, 


-N 


< 


2H4.OH 


A - oxyalkyl, alkyl, hydrogen, etc. 

dyestuffs are obtained which possess important advantages, in 
properties and ease of manufacture, over those derived from the 
corresponding ordinary alkyl compounds. They may have basic 
properties, or sulphonic acid or mordant-dyeing groups. The 
followmg typical examples may be cited : — 

(C2H,),N.C,H3<^^^C,^,.NH.C2H4.0H 

I 

a 

w G. T, Morgan andH. Gllmour, 3 t. 

. WE. Koechlm;ifwll. Soc. Ind. MuUioiMe, 1921, '341. 
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prepared from nitroso-diethyl-m-aminophenol hydrocbloride and 
hydryxyethyl-alnaphthylammo hydrochloride, which djres tannin- 
mordanted cotton almost the Same shade as iJile Blue 2B, but has 
considerably greater solubility. 

,.HN.(CH 3 )C.H V.H3.(CH3)NH.C3H4.0H 

frf)m 4-p-tolyl-2-benzyl-toluylene-m-diamine and nitroso-hydroxy- 
elhyl-o-toluidine hydrochloride. The shade is the same a^ that of 
Brilliant Rhoduline Red ; the solubility is better. In general, 
the main effect of the introduction of the oxyalkyl group appears 
to be increased solubility.’^ 

As the» r(\sult of an elaborate investigation, it has transpired 
that the constitution (1.) hitherto assigned to the dyestuff known 
commtTcially as Azine Scarlet is incorrect, and that actually (II.) 
represents the constitution of this colour. 


{CH3)aNl, 


^11 / 

CII 3 Cl 
T. 


CH3/V 


NH A An /\/nh 3 .HCI 

CH 3 Cl 
11 . 


The accumulation of alkyl groups in the molecule increases the 
blueness of the shade, the dyestuff corresponding to fopnula (I.) 
being magenta -coloured substance.’*^ 

Azine ♦condensation products of phenanthraquinone with 1.2- 
naphthylcncdiamine and 1.2-naphthylenediamine-5-sulphonic acid 
have been prepared containing amino- and hydroxy-auxochromio 
groups. These phenanthranaphthazines dye wool from an acid 
bath in bright yelibw to dark brown shades. By introducing one 
or more anilido groups into the phenanthraquinone molecule 
green to violet shades are obtained.’® A number of insoluble 
substituted naphthafiavindulines which, in a finely-divided 
state, dye bright red to blue shades on wool from an acid 
bath, are described,” Whether these dyes possess the necessary 
properties of fastness to render them technically useful, or 
whetlftjr they are merely of scientific interest, is not yet 
disclosed. 


Bril. Dyes. Corp., A. G. Green, K. H. Saunders, and E, B. Adams 
K.P. 132,031 ; 1922, 626a. 

J. B. Cohen and H. G. Crabtree, Chem, Soc. Trans., 1921, 119. 2066 
1922, 94a. • 

’• A. C. Sircar and S. Dutt, ibid., 1922, 121, 1944VS7., 1922, 862a 
” S. Dutt, ibid.. 1922-122. 1962 : J.. 1922, 862a. 
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Vat Dyep. 


. There is comparatively little to record in the way of distinctly 
new lines of research or manufacture. The synthesis of 2.3.2'.3'- 
naphthindigo by a parallel method to that of indigo from anthra- 
nilic ^cid appears to give but poor yields. jff-Hydroxynaphthoic 
acid is the starting point, and is first converted by heating in ap 
current of ammonia under the influence of ammonium chlolide 
and ammoniacal zinc chloride, into 2.3-aminonaphthoic acid. 
This is condensed with chloroacetic acid and gives a quantitative 
yield of 2.3-naphthylglycinecarboxylic acid, from which, however, 
only a p6or yield of 2.3.2'.3'-naphthindigo is obtainable by the 
usual method^. The latter dyes greenish-blue shades. Bromina- 
tion changes the shade to a green fast to light, but not fast to 
chlorine. Brominated 2.3.2'.3'-naphthmdigo is probably closely 
allied to the dibromo-bis-jS-naphthindigo known commercially" as 
Ciba Green G (S.C.I.), in which, instead of being attached to the 
2.3-positions, the imino and carbonyl groups are attached to thee 
1.2-positions in the naphthalene rings.’® 




Br 


/Vnh 

/l^/l-CO 

1 / I 
\/ 


>c=c< 


NH 

CO 






\ 


Ciba Green. 


Br 


Attempts, to prepare peri-naphthindigo from 1.8-naphthylglycine- 
carboxylic aeid have proved unsuccessful, failure being attributed 
to the unstable character of the naphthylglycine.’® Ijl.N'-Mphenyl- 
indigotin has been synthesised from N-phenylanthranilic acid. 
.By the action of formaldehyde on the latter the formalide • 


/V^CO 0 


is obtained which, on treatment with potassium cyanide furnishes 
the nitrile 

/'^COOH 

(^^_N.C,H;.CH2.CN 

Qn hydrolysis this gives N-diphenylglycine-o-carboxyhc acid, 
j^m which phenylindoxyl is prepared by the action of sodium 
imetate and acetic anhydride, or of caustic soda> Oxidation of 

>■ E. liera and R. Tobler, Hdv, €him, Actat 1922/5, 567 ; J., 1922, 

H. £. Fierz and IC SaUmann, i&id., 1922, 6, 500 ; J., 1922, 626 a. ' 
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lOf 


phenytindoxyl in faintly alkaline solution with potassium ferri« 
cyanide results ^ N.N'-^ph^ylindigotin 


— CO / co—/\ 

-N.C.H5 — V_c^j.N— J j 


Owing to the instability of the molecule due to the presence of 
N*phenyl groups, the dyestuff is of no practical value.®® ^ 

A new dye resembling indigo in appearance, and dyeing greenish- 
blue shades on cotton from a hydrosulphite vat, has been prepared 
from mononitrocymcno. The latter is oxidised to o-nitro-jp-a- 
iiydroxyisopropylbenzoic acid which, on reduction witl^ ferrous 
sulphate and barium hydroxide, gives the corresponc^ing amino 
compound. This is condensed with chloroacetic acid to o-amino- 
acetic-p-a-hydroxyisopropylbenzoic acid, 

• C(CH3) 2(OH).CeH3.(COOH).NH.CH3.COOH, 
which is converted by potash fusion and oxidation into the 
dyestuff,®^ 


.00. /CO. 

(OH3)2.HO.C.CeH3< >C - C< >0|H3.C.0H(CH,)2 


When an alcoholic suspension of indigo is boiled with hydrazine 
and caustic soda, desoxindigo, i.e., indigo in which one of the CO 
groups is replaced by a CHg group, is formed which has no value 
as a vat dye.^ The sodium salt of its monosulphonic acid dyes wool 
a golden yellow shade, which is fugitive to light. Similar desoxy 
compounds are obtainable in like manner from 5.5'-dimethylindigo- 
tin, 7.7'-dimethylindigotin, and dibromoindigotin. On»the other 
hand, i^hioindigo Red, when thus treated, is merely»reduced to its • 
leuco compoind.®* 

It is reported that good yields of indigo have been obtained by 
alkali fusion of dianilidosuccinic acid, followed by air oxidation.®® 

The reaction w^jicreby a blue coloration results from warming a 
solution of 1.8-nitronaphthalenesulphinic acid with zinc dust and 
potassium sulphite®® is an interesting one involving the formation 
of a new vat dyestuff containing sidphur, to which the name of 
Naphthothiam Blue has been given. l.S-Nitronaphthalenesul- 
phinic acid is first reduced in cold caustic soda solution with ferrous 
sulphate to l.S-naphthylaminesulphinic acid, which, on warming 
in sijjghtly acid aqueous solution, gives, in addition to a*smaU 
quantity of a bluish-green substance, an anhydro derivative of 
aminonaphthalenesulphinic acid (I.) (naphthothiam). This is 


®» P. Priedlander and K. King, Ber., 1922, 55, 1697 ; J., 1922, 682 a. 

M. PhiUips, J, Amer. Chem, Boc., 1922, 44, 1776 ; J., 1922, 743 a. 

®* W. Porsche arid R. Meyer, Ben, 1921, 54, 2854 ; J., 1921, 881a. 

G. C. Bailey and R. S. Fetter, J, Amer. Chem. Soc.y 1922, 44, 216 ;^ 
., 1922, 246a. 

Krdmann and Bdvtm, Anmxleni 1893, 275, 230. 
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soluble in caustic soda, but inaSluble in sodium carbonate. Boiling 
with dilute' mineral acid converts naphthothiam quantitatively into 
Naphthothiam Blup^(II.) » 



In appearance the now dye closely resembles indigo, dissolving 
in an alkaline hydrosulphite vat with a brownish-yellow colour. 
Wool, and to a less extent cotton, is dyed a dull blue shade. A 
similar Wiue vat colour (111.) containing two amino groups may be 
prepared in an analogous manner from l-nitro-acetyl-4-amino- 
naphthaleiie-8-sulphinic acid. 

/\_SO— OS— 




NH 




III. 


U'/v 


./• 




) 


NHo 


f- 

It is claimed that by (jhlorination or bromination of the commer- 
cially unimportant 5.5'-dimethylindigo the dull shade of the latter 
is transformed into a bright colour of increased fastness.®® New 
yellow to orange vat dyes fast to chlorine rfnd soap are obtained 
by condensing an oxazine compound with a quinonoid compound 
containing a halogen in the quinonoid nucleus, as, 'for example, 
2-chloro- or 2.3-dichloro- 1.4-naphthoquinone, etc.®’ 

The dyqptuff obtained by oxidation of dibenzanthrone is rendered 
fast to acids ^nd chlorine by introduction of methyl groups. At 
the same time the colour is changed from olive-greeq to gl*eenish- 
blue.®® It now appears that Pyrazolanthrone Yellow obtained 
by alkali fusion of pyrazolanthrone (1.)®® does not conform in its 
behaviour to the constitution (II.) orginally assigned to it. 

O ' 



®» A. Reifisert, ^cr., 1922, 55 , 858 ; J., 1922, 364a. 

•• Soc. Chim. d«s Usines du Rhfine, E.P. 152,634 ; J., 1^2, 841a. 
Akt.-Ges. fiir Anilin-Fabr., U.S.P. 1,419,502 ; J., 1922, 583a. 

' •• AI 3 . Davies, R, F. Thomson, J. Thomas, and SooWish Dyes, E.P. 

!* 18 »; 304 . ^ . 

♦ ®®<Chem. Fab. Gri^hegn-Elektron, G.P. 255,641. ■ 



COLOURINa MATTERS AND DYES. 


103 


A stud/ of its chemical reactivity, e.g., ability to form a potassium 
salt, dibenzyl, (^benzoyl compounds, etc., has established the 
presence of replaceable hydrogeji atoms and led "to the conclusion 
that this colouring matter is correctly represented by the structural 
formula (HI ). This is supported by the fact that substituted 

II 

rYY'i 

hn-n/YYY 

/\Y\Y\YN-nh 

\y\yU 

11 

O 111. 


derivatives of Pyrazolanthrf)ne Yellow are obtained fretn substituted 
pyrazolanlSircmes in which the position 1 or 4 is occupied, whilst 
with- a substituent in position 8 either no condensation takes place, 
^or the substituent is expelled.®® 

A green vat dye suitable for pigments is said to result from 
floating a -naphthoquinone with water at 15()^C.®^ Green to black 
sulphurised vat dyes are prepared by treating with a suitable 
• sulphurising agent jS-hydroxynaj)hthoquinone-anilido compounds 
of typo (I.) 

^ O O 



(R .. aryl). 




I. 


II. 


such, for example, as (II.) obtained by condensing 2 ?-chloro-anilin€ 
with 1.2-naphthoquinone-4-8ulphonic acid. 

The shades dyed jipon wool from a hydrosulphite vat are said tc 
be capable of development with chromium salts in an acid bath 
Those dyes of the series which contain a sulphonic or carboxylic 
acid group are credited with acid-mordant dyeing properties.®® 

A number of new indigoid vat dyes of the phenanthrene anc 
indene scries have been prepared ; e.gr., 2-thionaphthene-9'-phenan 
threne-indigo (I.) 



0^ 


\ 


.CO 


CO 


\c = C<^'YHa 

" O 


II. 


•® F. Mayer a«id R. Heil, Ber., J922, 65, 2165 ; J., 1922, 663a. 

Bad. Anilin unJ Soda Fabrik, E.P. 168,447. 

•* Oossella, E.P. 161*,000 ; J., 1922, 136a. 
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obtained by condensation of phenanthrenequinone with 3-oxythio- 
naphthene, gives dull violet shades fr^pm a yellow ^vat. Contrasted 
with the similarly^ ronstituted thiqnaphthene-acenaphthene-'lndigo 
(Thioindigo Scarlet 2G) the new dyestufiE is extraordinarily resistant 
towards caustic alkalis. 2-Thionaphthene-r-indone-indigo (II.) / 
from ^-ketohydrindene and thionaphthenequinone-2-anilide, dyes 
bordqaux shades redder than those of the corresponding indole- 
dyestufi, *2-indolo-r-indone-indigo (III.) t ' 


a 


,CO CO 

V = c( CH, 

vnh/ X 

V/ 

III. 



f 

which is the condensation product of jS-ketohydrincJene with 
a-isatinanilide. Thionaphthenequinone>2-anilide condensed with 
ay-indanedione gives rise to the dyestuff 2-thionaphthene-2'-in- 
doneindigo (IV.), which on alkaline reduction goes through a* 
, brownish- violet stage, to a brown-coloured vat.®® « 


Cyanine DyJis. 


The formation of the isocyanines by th® action of alkalis on a 
mixture of a quinoline and a quinaldine alkyl iodide has its parallel 
in the benzthiazole series.®^ Recent invcstigatien hks shown that 
when benzthiazole ethiodide and 1-methylbenzthiazole ethiodide 
are heated together in pyridine solution, for several hours on a 
water bath, a deep purple-red colour is developed.^ On i|tanding, 
a crystalline deposit separates out which is a mixture of^a purple 
dye belonging to the carbocyanine class and probably possessing 
the constitution. 




/N 

■*\n/ 


C : CH.CH ; CH.C 





/\ 

0,^, 1 


and a yellow dyestuff analogous to the cyanines and proved to 
have the constitution 

c.H.<®>c = cit.c/®>CA 

to which the name Thiocyanine is given. 

••IJ, Priediander, W. Herzog, and G. von Vcss, Hert*, 1922, 65> 159! f 
JiV 1922, 682 a. ^ , r 

Hofmann, Ber., 18,87, 20, 2262, 
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Both Myestuffs are powerful photographic sensitisers.** The 
results of a receii| investigation point to the probability J>f a type 
of virtifhl tautomerism existing ip. the dyes of th#«class, represented 
thus : — 



I • /\ /\ 1* 


A further development in the range of photosensitising cyanine 
dyes is seen in the production of a series intermediate between 
the thiocyanines and the isocyanines. The members of this series 
contain one quinoline and one benzthiazole nucleus, and are pre- 
pared by the action of sodium hydroxide in alcoholic solution 
upon a mixture of a quinoline alky liodide and a 1-methylbenzthiazole 
alkykodide. They are, therefore, closely related in method of 
formation as well as in properties to the isocyanines, and are probably 
’’epresented by the formula 



The name thioisocyanines is proposed for these mixed compounds. 
It is interesting to note that, owing to the instability of the pseudo- 
. bases derived from benzthiazole alkyliodides, it is not possible to 
form mixed compounds by combination of a quaternary salt of 
benzthiaV)lc with a quinaldinium salt. The thioisoSyanines are 
.powerful seusiftsers for the green.®’ 

Natural Colouring Matters. 

The synthesis of isohsematein, identical with the product prepared 
from hsematoxylin, is recorded. Veratryhdene-gallacetophenone- 
dimethyl ether (I.) in alcohoHc solution is hydrogenated, by means 
of hydrogen in presence of palladious chloride, to 2-hydroxy-3.4- 
dimethoxyphenyl-j5- veratrylethylketone (II. ), 

OCH, OCH 3 

CHaO/V-OH 

1. II. 

which, on boiling with absolute formic acid and anhydrous zinc 
chloride, is coif^erted into an isohsematein tetramethyl ether salt 

W. H. Mill 8 , Chem. Soc. Trans., 1922, 121, 466 ; J., 1922, 366a. 

•• W. H. Mills and W. T. K. Braunholtz, ibid., 1489 ; J., 1922, 804a. 

•’ W. T. K. Braunholta and W. H. Mills, ibid., 2004 ; J., 1922, 99Ta, 
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•® f£. G. Crabtree and K. Robinson, Cltem. Soc, Trans., 1922, 121 . 1033 ; 
J., 1922, 582a. 
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FIBRES, TEjvi iui<^», um^i-.ui^u»it, ajnjj, 
PAPER. 

By Frank L. Barrett, A.I.C., 

B< search Departrneyit, Tooial Broadhurst Lee Company, Ltd., 
Manchester. 

A SURVEY of the year’s work leaves the gratifying impression that 
the application of science to industrial problems is becoming more 
general than has hitherto been the case. This is mainly due to the 
fact that the various Research organisations in this country and 
a1)road are in active ojx'ration, and also to the very serious attempts 
b?ing made in (Central Europe and Amc^rica to^ stabilise industries 
shaken by the. war. 

. lX‘tails of the activities of the various British Research Associa- 
tions may be gleaned from the Annual Report of the Privy Council 
for Scientific and Industrial Research,^ and descriptions of the 
principal foreign, Research Institutes have appi^ared in the technical 
literature from time to time. The remarks of P. Krais^ on the aims 
()f the (Jerman Textile Industry Research Institute of Dresden 
are worthy of special consideration. 

Fibres — G eneral. 

An ingenious device for examining the behaviour of fibres under 
varying conditions ot strain has been introduced by T. Barratt.® 
It consists, essentially, of a balance, to one arm of which the fibre 
is clamped, the other end being held in a clip attached to the central 
pillar. A known “ pull ” can be applied to the fibre by sucking a 
bundle of magnetised steel wires, attached to the opposite arm, 
int(j an electrically-controlled solenoid, movements of the balance 
arm being magnified about 200 times by means o^f a suitable arrange- 
ment of^mirrors. It has been used in investigating the breaking 
strength, extensibility, and “ recovery from strain of various 
textile fibres, and has been successfully employed in examining 
the behaviour of these materials under the influence of different 
chemical reagents. 

* H.M. Stationeiy Office, 3s. 

" Chem.^Zeit., 1922, 46, 866. 

J. Text. Inat., 1922. 18. 17t. 
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J. B, Vinckers* has investigated the amounts of torsion ftidividual 
fibres cj-n withstand, with the idea of throwing^ome light on their 
spinning properties. The result j*show that tnin fibres ‘may be 
twisted more often, before breakmg, than thick ones of the same 
material. Attempts made to examine the brittleness of individual 
fibres and of yarns, by percussion tests, have been described by 
P. Krais.® 

Important discussions on humidity, and its measurement, have 
taken place, and nfany forms of hygrometric apparatus havS been 
described and discussed.® Attention may also be directed to the 
comjyilations of humidity-equilibria data, for various textile 
materials, given by K-. E. Wilson and T. Fuwa.’ 

A preliminary observation of some interest is made by J. Huebner 
and J. M. ginha,® who find that silk and wool, in common witiie 
certain cellulosic and other substances, yield iodoform jvhen steam- 
distilled with iodine and sodium hydroxide. 

Cotton. 

The British Gotten Industry Research Association, whose admfr- 
ably organised and well-equipped laborjitories were formally opened 
in March, 1922,® is now actively engaged on the elucidation of many 
fundamental problems connected with the^cience and technology 
of cotton. 

A considerable amount of important material, including a number 
of useful critical bibliographies, has been published by members 
of the Association’s staff, through the medium of the Journal of 
the Textile Institute. 

The subject of the structure and basic physical propqf ties of the 
cotton hair is occupying the attention of inv^tigators in this 
country and abroad, and it is to be hoped that the results obtained 
will throw light on the somewhat obscure nature of many of the 
treatments involved in the manufacture of the material. 

Important contributions to our knowledge of the actual structure 
of the cotton fibre are made by W. L. Balls and H. A. Hancock,^® ' 
who, in summarising the results of observations made subsequently 
to the discovery of growth rings in the cell wall,^^ draw conclusions 
concerning the actual structure of the individual growth rings, 
which are stated to, be composed of spiral fibrils. The arrangement 
of these fibrillar components may determine the character of the 

® MedMeel. RijJcsvoorUcht. Vezel. Delft, 1922, 21. 

® Text. Forschung, 1922, 4, 96. 

• Proc. PhyLSoc., 1922, 54, i.~xcv., VIII.— XLIX. 

’ J. Ind. Eng. Chem., 1922, 14, 913 ; J., 1922, 926a.. 

®. J., 1922^ 93t. 

•X Teai Inst, 1922, 18, 48t, 66T,t 

i®Proc, Roy. Soo., 1922, B98, 426. 

» Ibid., 1919, B90, ^2. 
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extremely visible convolutions of the hair, and the cellulo^ ag^e- 
gates composing e^ch fibril may^ possibly have a definite geometrical 

conformation. . . , r., ■ • i. x 

The presence of convolutions in the cotton fibre is an important 
factor, having a bearing on the peculiar spinning properties of 
cotton ; their precise function has been examined by A. Adderley,” 
in the ’co«*se of an investigation of the clinging power of cofton 
hffirs. The results obtained demonstrate the part played"® by the 
fibre convolutions in determining the strength and other properties 
of cotton yarn. 

In the course of a study of flax, C. R. Nodder'® compares the 
structural peculiarities of the cell wall of the cotton hair and the 
dislocation marks ” of flax. It is stated that flax and cotton 
fibres show a great similarity in structure, despite the fact that 
thi'y are no* bobanically analogous. 

Reference has abeady been made to the apparatus devised by 
T. Barratt, for examining the physical properties of fibres. Employ- 
fug this instrument, he has determined the breaking stresses and 
Extensions of a number of cotton hairs, and has correlated the results 
along with measurements of fibre lengths and diameters.^* Detail, 

, of a “ group ” method of testing the strength of fibres are given by 
E. D. Walen^« ; the strength of a group of fibres of known length, 
and weighing 1 gram, is determined, and calculated to a yarn 
number or equivalent figure. 

Considerable attention has been devoted to the subject of the 
evolution of scientific methods of grading cotton. A simple method 
of conducting staple analyses is described by K. Berndt.*® The 
same sublet has been exhaustively dealt with by W. Frenzel,^"^ 
who has appliv^d mathematical and statistical treatments. He 
obtains the “ fineness ” of a sample of raw cotton, by dividing the 
weight of a number of fibres into their total length, recording the 
result in metres per gram, and makes recommendations concerning 
the application of the method to yarn examination . 1 ® In conjunc- 
tion with J. H, Buskop,i» he gives details, with graphs, of an exhaus- 
tive series of measurements made to determine the effect of various 
processes in the preparation of mule-spun yarn, on the average 
length of the fibres. 

The relation between the heat developed by the action of caustic 
soda soJi|tion on cotton, and the strength of alkali employed, has 

« f. Text. Inst., 1922, 18, 249t. 

Ibid., 1922, IS, 161, 213 ; J., 1922, 863a. 

Ibid., 1922, 18, 220t. 

15 TeiW. World, 1922, 62, 2017. 

Text. Forschung, 1921, 8, 197. Ibid., 1922, 429. 

Mededeel. Ri^ksvoorlicht. Vezel Delft, 1921, 7. 

1922, 18. 

1922, 41. 
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been investigated by T. Barratt and J. W. Lewis.*® Using a novel 
form of, calorimetric apparatus, which enabled ^^he heat generated 
to be measured directly, they find,ttiat the “ heat of mercefisation ” 
of cotton increases with the strength of lye used, but is not propor- 
tional to it. The commencement and progress of the mercer isirfg 
action of the alkali are clearly demonstrated by the curve connecting 
the^e two factors. •* 

Inve^igations of the variation of fibre length following trea^tment 
of single cotton hairs with caustic soda solution under different 
conditions, have been made by R. S. Willows, T. Barratt, and, 
F. Parker.*^ The results, which afford an insight into the 
mechanism of mcrcerisation, tend to show that the action of caustic 
soda solution on cotton is much less rapid than is usually supposed, 
requiring uj to three minutes (according to concentration) for its 
completion. At room temperature, with inerc^ase in the strength 
.of alkali employed, axial contraction of the fibre increases rapidly, 
until a maximum is reached, when the concentra,tion of the lye 
approaches 30° Tw. (sp. gr. M5). At 40° Tw. (sp. gr. 1-2) a mini- 
mum contraction is«noted, while at 50° Tw. (sp. gr. 1*25) a secoiJd 
flat maximum developes, the contraction approaching zero as the 
concentration of the alkali reaches 86*^ Tw. (sp. gr. 1*43). 

The temperature of the treatment is rfh important factor in 
determining the concentration at which contraction occurs, and in 
governing its periodical recurrence.** Graphical, representations 
of the results of experiments at 0°, 18°, 45° and 85° C. show that one, 
two, three, and four well-d(ifined maxima occur respectively. 
The co’Ticentrations at which contractions occur shift with increase 
in temperaVure, and at periods beyond each absolute/hnaximum 
contraction there is a rapid decrease, which at 85° C? is most marked, 
and actually becomes an extension. The changes in sectional 
area and volume consequent on the treatment of cotton fibres with 
caustic soda solution, have been examined by R. S. Willows and 
A. C. Alexander.*® They propose a simple test for the presence of 
tendered or damaged fibres, based on the observation that sections 
through the damaged portions, when treated with 30° Tw. caustic 
soda solution, swell abnormally in diameter without bulging at the 
ends, in contradistinction to normal material, where the restraining 
action of the cuticlq causes an extrusion of swollen cellulose from 
the ends of the section. The probable structure of the cutiQj.e of the 
cotton hair is discussed by R. Haller,** who supposes it to the pro- 
diioed by the adsorption of cutin substances by the cellulose. He 

w J. TextiU IhsL, 1922, 18, 113t. 

“W,, 1922,18, 229t. 

“ Private oommuiiication from R. ^ Willows. 

J. Text, JnsL, \922, 18, 337t. 
t ** Text. Forachung, 1921, 8, 20 ; J., 1921, 841a'. 
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has attdhapted to simulate the structure by producing copper 
ferrocyanide sheajhs on rods of precipitated cellulose. J 

Potassium hydroxide is genfirally regarded af •being inferior to 
the sodium compound in its mercerising action on cotton. It is 
wggested by P. Karrer,M. Staub, and ,A. WaltP® that the difference 
between the respective actions of the two alkalis is due to the fact 
that compounds of potassium hydroxide and cellulose are dissociated 
irsire easily than Jhe analogous sodium hydroxide compounds. It is, 
tliereiore, necessary to employ more concentrated solutions of potas- 
sium than of sodium hydroxide, for obtaining comparative results. 

E. de Menibus^® gives details of determinations of moisture in 
various samples of raw cotton, and makes certain suggestions 
concerning a programme of work urgently required to bc carried 
out on the subject. Investigations made by the Parks-pramer Co.,*'' 
Avlio have j^xamined the moisture content of cotton at different 
stages of its manufacture, show that most of the moisture possessed 
by the raw material is lost in the opening process. 

• Removal of wax from cotton is stated to increase the strength of 
vSiarn prepared from it. Experiments made by.thc Cotton Research 
Co. of America, and recorded by C. E. Mead,*® show this increase 
(which is probably due to a decrease in the tendency of fibres to 
'slip one over the other) to be of the order of 15-20%. 

Experiments on the effect of heat on cotton yarns are recorded 
by R. A. Truesdalc,*® who gives details of the conditions capable of 
bringing about *a decrease in the strength of the material. 

A somewhat novel process of preparing cotton for bleaching is 
protected by H. P. Bassett,®® who subjects the material to weak 
acid and ^Ikalinc treatments, with intermediate and final washings. 
By these fiieans the resinous and gummy impurities are hydrolysed 
and removed. Traces of residual organic acids are transformed to 
soluble salts by the action of the alkali. 

Investigations of the variation in ash content of ozone-bleached 
cotton fabric subjected to laundering, have been made by P. 
Hecrmann and H. Sommer.®^ After 50 washes, the ash content 
rose from 0*38% in the case of the unwashed material, to 6-72% 
in the washed. Where the material was treated with detergents 
containing sodium silicate, very excessive amounts of ash (20- 
24 5%) were found. The laundering process included thorough 
final rinsings with soft and hard water. 

“ JfeZv. Chim. Acta, 1922, 6, 129. 

Soc. Ind. Rouen, 1921, 49 , 381, 647 ; Rev. Oen. rind. Text., 

1922 , 17 , 39 . 

” Textile World, 1922 , 61 , 1641 . 
im., 1921 , 60 , 3 ^ 01 . 

»» Text. Rec., 1 ^ 22 , 40 , 62 . 

*“U.S.P. 1 , 402 , 040 ; J., 1922 , 139 a . 

*^Texmw., 1922 , 8 , 238 , 
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A method somewhat similar to that proposed by E. KcLeoht and 
L. Thonjpson®* for determining the copper value of cotton is des- , 
cribed by G. M. A. Koehler and M. Ikarqueyrol,®® who, after treating 
the material with an alkaline solution of copper sulphate, etetimate 
the cuprous oxide formed, by dissolving it in acid ferric sulphate 
solution, followed by titration of the ferrous salt produced with 
standard permanganate solution. The method is stated to give 
very coiicordant results. , 

A. F. Kitching^*’ proposes to distinguish between cottorl and 
wool by noting the difference in the fluorescence excited by exposure 
to ultra-violet light. 

Methods for the analysis of cotton-asbestos mixtures are discussed 
by P. Heermann and H. Sommer,® who recommend a process 
based on the solubility of cotton in cuprammonium solution. 

The observations of A. E. Oxley®® and others on the (examination 
of cotton yarn, and of H. F. Coward and G. M. Wigley®^ on the 
acidimetry and alkalimetry of cotton fabric, arc reviewed 
elsewhere. 

Preliminary notesron the destruction of the cotton hair by micre ■ 
organisms are published by H. J. Denham.®® The communication 
is illustrated by interesting photomicrographs showing the degra- 
dation of fibres by bacteria and fungi, anc^accounts of their modes 
of attack are given. 


Wool. 

The organisation and activities of the British Research Association 
for the Woollen and Worsted Industries are dealt with in the Annual 
Report of the Council of this organisation, a review of^^vhich has 
been published.®® 

The bulk of the Association’s work has been assigned to three 
committees, dealing with research control, education, and sheep 
breeding, and the scheme of researches contemplated includes 
examination of the properties of the wool fibre, and investigation 
of several of the more important technical processes involved iri 
its manufacture. 

In order to, stimulate pure research on several fundamental 
problems connected with the wool-consuming industries, the 
Association has awrrded a number of Research Fellowships and 

^J. Soc. Dyers and Coif 1920, 28, 255. 

Mim. Poudresf 1921, 18, 73 ; J., 1922, 323a. 

Analyst; 1922, 47, 206 ; J., 1922, 625a. 

TextiJber., 1922, 8, 340, 361, 382; see also Mitt. Materialprilf.t 1921, 8lL 
516^ 1922, 745a. ^ 

•« J. Text. Inst.; 1922, 18, 64t. 

« im., 1922, 13, 121t l J., J1922, 4<)7a. 

**Ibid.f 1922, 18,240t. 

»» J, Text. Inat.^ 1922, 18, 68p. 
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Advanced Scholarships, tenable at various universities aijji technical 
colleges. The^recise schei^e of operations with regards inquiries 
into, S-nd improvements in the breeding of shee^for wool production, 
is not outlined, but it is presumed that the experiments will be 
’ undertaken in conjunction with various agricultural colleges, and 
similar institutions interested in this subject. 

The published information dealing with the economic prodsiction 
\)f wool and hairs for textile purposes, is rapidly accumulating, and 
our knowledge of this branch of the subject promises to be more 
eomi)lete than that of the actual chemical and physical characters 
of tliese fibres. 

A. F. Barker gives interesting details of fibre and staple analyses 
of wools from a number of sheep, selected from a tyj)ical highland, 
Blaekfaced flock. The use of frequency curves in thc»determination 
of staple* length, and the measurement and expression of fibre 
char/mteristics, have been dealt with by E. A. Fisher and W. S. 
Hr)lden'‘^ respectively. 

’ F. A. E. Crew and J. S. S. Blyth,*^ in the course of a micrological 
•study of the fleece of Blackfaced lambs, find that 50% of the fibres* 
present in the case of fleeces from lambs which were still-born, or> 
had died shortly after birth, presented the characters of normal 
wool ; the remainder consisted of fibres of two kinds, which appear 
to represent transitions from hair to wool, in varying degrees. 
F. A. E. Crcw^® has also investigated the characters of the fleeces of 
certain primitive si^ccies of sheep. 

A(!(;ording to E. Neumann,^® experiments on the feeding of sheep 
with cystine pr('parations, by which means it is hoped 1;o effect 
irnprovoi|ients in wool production, are in progress irf Germany. 

The subject^ of the physical properties of the wool fibre in its 
normal condition, or under the modifying influence of various 
reagents, is an important one, and it would appear that the form of 
apparatus used by T- Barratt, in his experiments on cotton, would 
be highly suitable for the carrying out of similar experiments on the 
wool fibre. Single merino wool fibres were found to be more than 
five times as extensible as fibres of scoured Egyptian cotton, and 
differed from the latter in their mode of recovery from strain.*’ A 
description of a projection apparatus, which has found application 
in wool testing, is given by W. Davis.*® J.^A. Hill*® deals with 

Iriat., 1922, 18, 116p, i44p. 

1922, 18, 40t. 

«Tea:t Rec., 1922, 40, 39. 

« J. Ifutl., 1922, 18, 167t. 

** im,, 11^22, 18, 17 ; J„ 1922, 626a. 

*« An». App.^iol, 1921, 8, 164. 

*• Text, World, 1922, 61, 2966. 

« J. Text, InA., 1922, 18, 21t. 

, *® Wool Record, 1922, 21, 762, 

** 17 ^ 1921 , 20 , 1662 .* 



the method employed by the University of Wyoming, 

determina^on of wool fibre diameters^. c ^ 

No new developiiflents are to be recorded in connexion Wllh th6 
chemical aspect of the wool substance, with the isolated exceptions 
of the preliminary observations of J. Huebner and J. N. Sinha,*® ‘ 
already referred to, and W. Al Paddoii,^^ who has shown that the 
aminp groups of wool take no part in the dyeing of the fibre with 
certain a6id colours. ^ Experiments made at the Leeds Univerwty,* 
to compare the value of skin wools with greasy fleece wools, and 
to determine the relative mtTits of sweated and sulphide-painted 
wools, pecorded by K. 0. Lefeaux and S. B. Hainsworth,®* show that 
painted wool is superior to sweated wool, and is, in fact, practically 
equal to greasy wool for purposes of cloth manufacture. 

Kesults of^ important investigations on the taking-up of 
neutral soaps by w^ool have been published by the British Besearch 
Association for the Woollen and Worsted Industries,^* and serve 
to elucidate the functions of soap in the processes of scouring and^ 
Boap-milling, substantiating in a very col iderable measure the 
* theory that the alkali of soap is the active agi'nt in the milling pro-* 
cess. The standard method employed by the Association for the 
determination of residual soap in wool, after submission to these 
processes, is described in detail®^ ; it has heen c* "efully worked out 
leiexence to various factors, which m. y afiect the accuracy 
rif the ostimutions. Observations made during the treatment of 
ffnr /furposesj bj the French Government, throw some 
Ught on the efficacy, of various methods of estimating scouring , 
yields.®*^ 

Protectol/^ a product of the Akt.-Ges. f. AniJinfabr.,«is stated 
to be an advantageous addition to various baths in the treatment 
of wool and allied substances.®® In this connexion, attention may 
be directed to the various patents which have appeared, in which 
the use of carbohydrates, sulphite-cellulose •waste liquors, and 
sodium lignosulphonate is claimed for this specific purpose. 

T. D. Smith protects the use of potassium alginate as a scouring ' 
agent. ®’ 

The patent literature contains accounts of several processes for 
improving the physical characters of hairs and wools, which appear 
to consist, mamly, of treatments with alkali sulphides or metallic 

«» J., 1922, 93t. 

»» J. Phya. Chem., 1922, 26, 384 ; J., 1922, 411a. 

«« Wool Record, 1922, 21, 889, 961, 1033, 1105, 1177. 

«» J. Text. Inst., 1922, 13, 127t; J., 1922, 626a. 

®® Ibid., 1922, 18, 143t; J., 1922, 626a. 

^*JiVool Record, 1922, 21, 1324. 

»• Textilber., 1921, 2, 363 ; J. Soc, Dyfira and Col, 1922) 88, 126 ; J., iml " 
‘«97a. . 

U.S.P. 1,406,660 ; J., 1922, 248a. 
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salts. * The use of solutions of alkafoids, alkaloid deri^tives 8^^ 
decomposition products, for increasing the strength arjl elastioity 
of aidmal fibres, hairs, and ^^athers, is paten^bed by J. Korselt.*®)" 
The felting properties of hairs are stated to be improved by sub- 
mission to the process of the Soc. Pichard Freres,®* who subject 
the moistened material to intense cold, whereby disrupture of the 
fibres isieffected. The use of colloids in milling is claimed J^y the 
•Diamalt ^ • 

R. Trotman®^ has examined the effect of chlorination on the 
physical and other properties of wool fibre, with special reference 
to the possibilities of damage arising, and its obviation. Tb# tensile 
strength and elasticity of properly chlorinated wool are not 
impaired, but improper treatment results in weakening and a 
modification of several basic properties of wool ; #ts affinity for 
dyes is increased, and it shows a tendency to wet more easily. 
The damage arising as the result of bad chlorination may be 
immediate, or take place during, or after, the finishing processes, 
if the removal of chlorine from the fibre is incomplete. It is caused 
' by the destructive action of the chlorine, the disintegration being* 
characterised by a breakdown of the cortical cells of the fibre, 
and disappearance of the epithelial scales. Hypochlorous acid is 
stated to be less dangerous than chlorine in its effect on the fibre, 
and it is therefore advantageous to employ the bleaching powder 
solution in such a manner as to minimise the liberation of free' 
chlorine. This condition is obtainable when weak acids, such as 
boric or acetic acid, are used as souring agents. It is imperative 
that the strength of the chlorinating solution should be governed 
by the ijiaracter of the material to be treated. ' 

An interest. :ig zoological study of the clothes moth (Tineola 
biselliella, Hum.), has been made by E. Titschack,®^ who finds that 
materials free from keratin are practically immune to the ravages 
of the insect. The«o researches, which included an examination of 
the behaviour of the moth towards a large number of materials, 
and an investigation of the effect of chemical reagents and physical 
conditions on the insect, its eggs, and larvae, were carried out for 
P. Bayer u. Co., whose product, “ Eulan,” has been dealt with in 
the technical press. ®® This firm has protected a number of processes 
for the moth-proofing of wool, furs, and hair^ involving treatments 
with <i(Brtain inorganic and organic acids and their salts.®® Other 

G.P. 349,179 and 350,803 ; J,, 1922, 410a, 541a. 

®®E.P. 163,297 ; J., 1922, 641a. 

G.P’. 366, 104 ; J., 1922, 747a, 

“ J., 1922, 2i9T. 

®»JZ. tech. Biol, 1922, 10, 1 ; J., 1922, 892a. 

®® TexHlber., 4921, 2, 360, 373., 

®‘G.P. 344,266, 344,696, 347,723, 347,849; E.P. 173,636; J., 1922, 
ZSttA, 621 a, 139a. * • 
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patented preventives for the insect-proofing of animal products are 
diohloroetllane®® and a-tetrahydron%phthaleneket:Dne.«« 

' R. 0. Herzog®’ hd’^evolved an ingenious method for the sepamtion 
of cotton and wool fibres, based on the wetting properties of these 
materials. The process consists essentially in shaking the teased-out 
fibrous material with water and an immiscible liquid, such as a 
hydrocarbon or hydrocarbon derivative ; the wool eollecffe at the 
interface, and the cotton sinks in the water, from which it may be 
recovered. 


Silk. 

There arc few developments to record in connexion with the 
chemical and |)hysical aspects of the subject, though the biological 
side, associated with the economic cultivation of the silkworm 
(which does not come within the scope of this review), does not 
appear to have been quite so neglected. It may, however, be 
recorded that articles dealing with sericulture, and the development « 
,of the silk industry in the Argentine, Brazil, China, Colombia, ^ 
Egypt, India, Italy, Roumania, San Salvador, Tl^ace, Turkey, 
and West Prussia, have appeared in the- various technical journals 
Reports of the activities of the Sericultur^ Institutes at Bhagal- 
pur*® (India), Portici®" (Italy), and at the university of Nanking’® 

^ (China), have also been published. It is proposed to establish 
an International (American) Testing House for raw silk in Yoko- 
hama.’^ 

The Sijk Association of America make recommendations concern- 
ing the adoption of standards for raw silk classification, and propose 
four grades of material, the average physical charrf^cters of which 
are dealt with. W. F. Edwards’* gives details of experiments to 
determine stress-strain relationships with special reference to the 
testing of raw silks. Two new instruments — the serimeter and seri- 
graph — have been devised for silk testing. They'have been designed 
to allow of an examination of the behaviour of the thread during 
loading, as this is considered to be of more importance than the 
usuftl determination of breaking strength and elongation. 

K. Kondo’® gives details of the preparation of alcohol-soluble 
and alcohol-insoluble sericin from silk. He gives result of an 

f 
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ultimate analysis of the alcohol-insoluble fraction, and also of an 
examination of^the refractive indices of the two substajices. 

Aimlyses of silk-fibroin, rl^orded by E. Abderhalden,’^ yielded 
amounts of d-alanine, Meucine, phenylalanine, Z-serine, and Z- 
prolinc to the total extent of 31*8 grams per 100 g. of fibroin, 
86*4% of the amino-acids being accounted for. At an intermediate 
stage of the hydrolysis, a compound, d-alanylglycine anhydride, 
•was found to present in quantity, along with small Amounts of 
glycyl-Z-tyrosine anhydride, and a third, unknown substance. 

Of processes for the dcgumming and weighting of silk, there is 
nothing novel to record with the exception of the patent gf L. M. 
Wolilgemuth,’^ who proposes to weight silk and other fibres with 
metals for which they have little or no affinity, by im|)rcgnatiiag 
them with certain insoluble metallic hydroxides, oi^ basic metallic 
silicates, followed by treatment with solutions of salts capable of 
forming adsorption compounds. 

Bast and Other Vegetable Fibres. 

The Linen Industry Research Association, whose headquarters 
are situated at Lambeg, near Belfast, commenced its scientific 
activities in March, 1920. A number of important investigations 
have been undertaken, several of which have been completed,^* 
and communications from members of the Association’s staff have 
appeared in the Journal of the Textile Institute. A somewhat 
similar organisation has been constituted in Germany ; its labora- 
tories at tlie Sorau Institute have been described by E. Schilling.''’ 

Exaigination of the literature connected with the -subject leaves 
the impl’essio*’ that the economic botany of fibre-yielding plants 
is receiving careful attention, especially abroad. In particular, 
several papers have appeared dealing with their scientific selection 
and breeding, and with the pathology of diseases common to plants 
of the flax type. 

Observations on the structure of flax and allied fibres have been 
made by C. R. Nodder,’® who finds that flax, ramie, hemp, and jute 
possess fibrillar structure, the components being arranged in spiral 
formation, so that these fibres may be regarded as having, to some 
extent, the structure of yarns. The spirals in flax and ramie are 
left-handed, whereas those in hemp and jute* are right-handed*; on 
moist&iing these fibres and allowing to dry in the air, flax and 
rami^ twist in a clockwise direction, the twisting in the case of hqnip 
and jute bc^g in the reverse order. The opposite phenomena are 

Zr^hyswUChem., 1922, 120, 207 ; J., 1922, 639a. 

G.P. 312,301 ; J., 1922, 289a. 

J. Text. Irtlst., 1922, 18, 162m 
” Textilber., 1922, 8. 118. 

’V.lText. In««.,n922,A8, 161 t, 213t ;TJ.;1922, 863a. 
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noted on yioistening, and these observations are put forward as 
a simple, «but infallible test for jdis^inguishing flax from its 
adulterants. It is Silggested that a Relationship may exist between 
the “dislocation marks” of flax, and the structural peculiarities — 

“ stomata” and “ slow spirals ” — of cotton. 

The observations on the spiral structure of bast fibres, and on 
their behaviour on moistening and drying, are not entirdy new, 
however. Somewhat similar conclusions have been published, by' 
H. Reimers,’® and the distinctive test quoted above was proposed. 
Reimers states that this test is already known to a few experienced 
flax cukivators. 

An optical method for the differentiation of flax and hemp is 
proposed by A. Herzog,"® who, having unsuccessfully tried to employ 
determinationsof refractive indices as a means of distinction, proposes 
a test based on the types of interference colours developed when 
these fibres are examined under the microscope, using a suitably 
arranged polariser with the interposition of a special selenite 
plate. 

' The fibres of true hemp (Cannabis saliva) are stated to differ ' 
from those of Sunn or Bombay hemp (Crotalaria juncea) in physical 
and structural characteristics, and in tbe colour and composition 
of the fibre ash. M. Pontio,®^ in discussing ^ese dii^rences, gives 
details of fibre measurements, colour reactions with iodine and 
sulphuric acid, and of the iron content of the various ashes, which 
enable a differentiation to bo made. The nature of the terminal 
forkings of hemp fibres, which have been described and discussed 
at varied^ times, is stated by W. Muller to afford no data for 
locating their* geographical origin. « 

New types of recording testing machines have bdjn devised by 
J. A. Mathew"® and G. F. New,** and have been applied to the 
examint^tion of flax and other fibrous materials. These instruments, 
which are modifications of the Barr Autographic Wire Tester, 
have been chiefiy employed for the examination of flax, in compari- 
son with other yarns. The former observer has investigated the 
elastic properties of these materials, and the latter, who gives a 
number of stress-strain curves, develops a theory of the mechanism 
of yarn break. J. A. Mathew*® has also given details of a simple 
but ingenious methoc^ of obtaining the apparent density of flax 
yarn', and discusses the relationship between this value, the, count 
of the yaruj and its' diameter. 

’• Textilber., 1921 , 2, 367 , 381 , 420 . 

«® Text. Forsck, 1922 , 4, 68 . 
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The probable modes of occurrence*of pectic substances in plant 
tissues have bee^ dealt with by D. H. F. Clayson, F. Morris, 
and S.*B. Schryver,®® who, in^he course of a preliminary investiga- 
tion, have examined the relation between pectinogen and pectin, 
•and the properties of “ cyclopectans ” and “ cyclopectic acids.’* 

An interesting study of the pectic substances of flax has been 
made by^E. Correns.®’ He has isolated these substances by the 
Biethod of Boufquelot and Herrisey, and makes observations on 
the constituents of flax pectin with particular reference to the 
presence of an easily hydrolysable araban grouping and its com- 
ponents, the removal of which causes the dextro -rotation of flax 
pectin solutions to increase. The methoxyl contents of |)ectins 
varies with the treatments they have received, and the* presence 
of these substances is supposed to influence the physical properties 
of the fibre. It is pointed out that the pectin content of material 
cannot be estimated on the assumption of a constant proportion 
of tile methoxyl radicle being present. 

• Experiments made by M. H. Carre and D. Haynes®® show that 
•the precipitation of pectin as the insolijble calcium pectate, 
(Ci7H2 20i6Ca) can be used as an accurate method of analysis, if 
the conditions of the operation are carefully adjusted. 

According to A. Herzog®® it is not possible to apply micro- 
chemical colour reactions with ruthenium red and metallic salts 
to a macrochemical detection of the substance. 

In continuing his researches on the taking up of iron solutions by 
. j)lant tissues,®” ' L. Rosenthaler,*^ in conjunction with F. Kolle, 
finds that the non-production of the Prussian blue reaction A certain 
cases, nfj^y be due to the presence of waxy cuticle, which prevents 
the absorption of liquids. 

The use of acid solutions of benzidine hydrochloride as a reagent 
for the microchemical detection of lignified tissue, which it stains 
an orange colour, is dealt with by C. van Zijp,®® who gives details 
of the technique of the process. A. R. Ling and D. R. Nanji*® 
propose a modification of the well-known phenylhydrazine method 
for the determination of pentosans. After distilling oS the furfural- 
dehyde in the usual manner and treating with excess of phenyl- 
hydrazine, followed by separation of the hydrazone, a known 
amount of iodine solution is added to the ^Itrate containing ' the 
r( 5 sidu^lphenylhydrazine (with which it reacts producing iodobeniene, 

^^Biochem J., 1921, 15, 643 ; J., 1922, 75a. 
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®® Biochsm J., 1922, 16, 60 ; J., 1922, 342a. 

Fctaerf orach., 1921, 1, 163. 

Ann. Bepta.f 193>1, 8, 142. 

Ber. deiOa.^ltarm. Qea., 1921% 81, 446. 

. ” Pltom. Weekhktd, 1921, 58, 1639. 

**BifichemJ., 1921,* 15, 466 ; J., 1921, 762a. 



120 


BSPOB!ll} OP TBB PBOOBSSS OP ^PPLXBD OEQBMXSaAY. 


hydriodic acid, and nitrogen), and the excess of iddine is^ 
back- titrated with sodium thiosulphate solution. By carrying 
out a blank titraAjpn with the orimnal phenylhydrazine solution, 
and subtracting the titration figures in the two cases, the amount 
of furfuraldchyde in the distillate can be calculated. 

The substitute fibre industry is still receiving attention on the 
Continent, and much research on the satisfactory commercial 
production of “ imitation ” products appears to he in progress in 
Germany, where, owing to the high price of imported commodities 
such as cotton, utilisation of the country’s natural resources becomes 
an ii^ortant factor. Communications have appeared in the 
German technical literature dealing 'with the subject of the produc- 
tion of s;^innable fibres from a diversity of sources, and the prepara- 
tion of cotton,and wool substitutes. In these and other connexions, 
attention may be directed to the articles by S. Halen,®* H. Schiir- 
hoff,®® G. Kranzlin®« and 0. Johannsen,®’ and also to the address 
delivered by P. Krais,®* previously referred to. 

Various new fibres have been proposed for use in the production' 
of textile materials.* H. Guyot®® gives details of the possible* 
production of bast fibre from a species of rubber-yielding plant. 
Arghan,'®® a fibre of considerable length, obtained from a South 
American plant of the Maguey type, is staj»d to be a satisfactory 
substitute for cotton in the production of heavy canvases, and its 
cultivation is to be extensively undertaken in the East.^®^ Fibres 
from the bark of the cotton stalk might be used for the replacement 
of the lower grades of jute, but their commercial exploitation seems 
very improbable on account of the high cost of separation.^®® 

Little attention appears to have been directed totfurth^ investi- 
gations of the retting and allied processes ; the paftnts connected 
with the subject arc few in number. Investigations made in the 
Government Laboratory to determine the best method of disposing 
of ret liquors, to avoid river pollution, are re/3orded by A. J. H. 
Gauge.^®® They tend to show that partial purification may be 
effected by chemical precipitation methods, or by biological 
treatment on suitable filters, alternative treatments being the 
disposal on land, or discharge into sewers after neutralisation 
of acidity. 
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The use of chlorine dioxide as a reagefit for removing the incrusting 
substances of plants, proposed by E. Schmidt,^®* has bem further 
examined by thi# investigator*in collaboration mth F. fiuysen.^®* 
They deal with the application bf solutions of this reagent in 60% 
iicetic acid, in connexion with the microchemical examination of 
plant tissues. 

Artificial Silk. ^ 

•Jt^s of intcreift to note that important lectures on the*artificial 
silk industry have been delivered during the year. 

E. Bronnert,^®® of Strasbourg and Mulhouse, has addressed the 
niembcTs of the Society of Dyers and Colourists on the subject of 
“ Progress in the Artificial Silk Industry,” and C. F. Cross, ^®’ in a 
discourse before the Textile Institute, has reviewed the development 
and future of the production of artificial filaments f#r the textile 
industries. In the course of both these lectures, useful compilations 
of data concerning the production and properties of artificial fibres 
have been given. 

The development of the artificial silk and staple fibre industries 
fii Germany has been discussed by A. Lehne.^®* A number of new 
silks appear to have been introduced in this country, and various 
accounts of their apparently superior properties have appeared in 
the technical journals. Several of these products have been des- 
cribed by E. Neumann,^®® and E. Schiilke.^^® 

The cylindricity of artificial silk filaments is discussed by 
A. Herzog, who, after reviewing the probable relationship between 
the forms of fibre cross-section and the physical properties of the 
materials, proposes, as a quantitative measure of their rodbdness, 
the ra tio •between the actual area of the cross-section and the area 
of a circle which* would just enclose it. A new form of photometric 
glarimeter, described by H. Schulz,^^® has been employed for ex- 
amining the gloss of artificial silks. 

K. Hess,^i® in the •course of an article on the scientific basis of 
artificial silk manufacture, emphasises the necessity for a thorough 
investigation of cellulose constitution as a starting point for improve- 
ments in the industry, making observations on the more recent 
work on cellulose constitution, and its bearing in this connexion. 
The probable transformations of cellulose complexes taking place 
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during the manufacture of cellulosic filaments are discfissed by 
W, VieA\eg,^^* with special reference to the composition of the 
alkali-celluloses, the nature o^\he xanthates capable of being 
spun ; the latter are supposed to contain the complexes (CiHjoOs) 3 
and (CeHi 005)4. 

The suitability, or otherwise, of wood and allied celluloses for 
artificia] silk production is an important matter, and various 
metnodtf of examination have been proposed. It^has been stated, 
during a discussion 'in Germany that the necessary infornfation 
may be readily obtained from micro-chemical investigations of 
their jibsorptive power for Malachite Green and the “ corrosion ” 
changes occurring on treatment with Congo-red and the zinc 
chloroioUide reagent. 

C. G. Schwalbe and E. Becker,^^® in dealing with the behaviour 
of cellulose incrusting substances in the manufacture of viscose 
silks, give results of comparative analyses of these products and 
their parent substances. It is stated that in the case of silk prepared 
from wood cellulose, purification of the cellulosic material is effected 
by the viscose trcat^ient, as evidenced by lower furfural yields and 
ash contents. In the case of silk prepared from cotton, however, 
the ash content of the product is greater than that of the parent 
material, and the hygroscopicity of th^ former is considerably 
increased. 

The observations of E. Knoevenagel and H. Busch, on the 
hydrolysis of viscose cellulose, are dealt with elfjewhere. 

The Plauson colloid milP^® is now being manufactured in this 
country, and has been described by A. Forster and J. Reilly. Its 
use in the manufacture of viscose solutions has b,een di^.ussed by 
S. P. Schotz,^^® who deals with the formation of a particularly 
reactive alkali-cellulose by dispersing cellulose in the theoretical 
amount of aqueous caustic soda solution, and the production of the 
corresponding xanthates therefrom ; this subject forms the basis 
of a patent taken out by H. Plauson, who claims that by the 
employment of the apparatus, a viscose preparation requiring only, 
very little ripening, may be rapidly and economically manufactured. 
A general description of impact and friction types of colloid mills 
and the ultra-filter press, with reference, amongst other uses, to 
their employment in viscose production, has been given by A. W. 

Kenney.^^ 
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Numerous patents dealing with viscose silk manufacture have 
appeared, reference being made to the employment of ^various 
coagulatihg agents in the spinnyig bath (includybig compositions 
prepared from carbohydrates), to means for obviating imdue 
degradation of the cellulose complex by shortening the time of 
“ ripening ” of the alkali-cellulose, and to methods for removing 
sulphur from the finished product, and recovering excess of carT^on 
bisulphide. • • 

C. ( 7 . L. G. Budde'^*'* proposes to employ a chemically-degraded 
cellulose for conversion to a product suitable for the manufacture of 
artificial filaments. Proposals to produce coloured viscose silks by 
incorporation of the leuco-compounds of vat and sulphur dyes 
with the alkali-cellulose or xanthate prior to spinning, ar5 made 
by Courtaulds, Ltd., and L. P. Wilson.^^* ^ 

According to W. O. Mitscherling,'*® decomposition of viscose 
solutions can be prevented by the addition of 1% (calculated on 
the weight of cellulose present) of sodium thiosulphate. 

‘The tendering of Chardonnet silk has been ascribed to the spon- 
ti*fieous liberation of free sulphuric acid from, cellulose sulphates 
present in the material.^'*® The detection and determination of free 
sul])huric acid and sulpho-acetates in cellulose acetates has been 
dealt with by M. Entat and E. Vulquin'*’ ; they recommend 
estimation of the free acid after extraction, or suitable hydrolysis, 
by an electrometric titration method. It is stated that all cellulose 
acetates prepared by methods in which sulphuric acid, or its deriva- 
tives, are used as catalysts, contain sulpho-acetates, but that the 
amount present does not exceed 0*03% (as sulpho-acetic* acid) 
in the caset of good quality products. 

The amount iJ patent literature dealing with the preparation 
of ether and ester silks is relatively small, but contains a number 
of references to the dyeing of these materials. 

Yarns and Fabrics. 

The technical literature devoted to the subject contains numerous 
references to improvements in the sizing process, and to new methods 
for the analytical examination, and grading, of various sizing 
materials. Paraffin wax, which has long been regarded as an 
ohjectioijable ingredient in size mixtures on ac<!ount of the diffic¥d- 
ties attending its subsequent removal from sized material, can, 
according to M. Fort be easily extracted by means of a suitable 
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extradtion treatment wi^k volatile solvents, which \nake8 itfi 
genera? employment practicable. 

Proposals to*^se rubber latex •(which has been the object oi 
experiments in the paper industry’^®) for the sizing and finishing oi 
textiles, have been dealt with by J. A. Hunter,’®® who states that 
research on its mode of applieation in these eonnexions is in 
progress. * • 

simple form of apparatus for testing th^ stiffness of sized 
fabric, in which varying lengths of material are allowed to pfotrude 
from a clamp fixed over a vertically-arranged piece of squared 
paper, has been devised by A. H. Grimshaw.’®’ Measurements oi 
the^agging of the strip can be made by reference to the graph 
paper,* the method giving an indication of the ability of the cloth 
to sustain its own weight. It can be used for conducting experi- 
ments on the comparative stiffening values of various sizing 
materials. 

The removal of sizing materials from yarns and fabrics is s 
matter of considerable importance and a fair amount of attentior 
is being devoted tq the subject, especially on the Continent, wh«rc 
new processes for the enzymic de-sizing of textiles have been 
evolved. 

The use of animal amylases, applied in conjunction with neutral 
salts, to render these preparations less sensitive to high tempera- 
tures, and bile salts, to facilitate wetting, is protected by the 
Wyla-Werke G.m.b.H.’®® A. Boidin and J. Efffont’®® propose to 
employ bacterial diastases for the removal of starchy, fatty, and 
gelatinous material present in textile goods. They claim that the 
diastatic secretions produced by B. subtilis and B. meaeyieric'us arc 
more stable and less sensitive to temperature changed than mall 
preparations, and possess an additional advantage in that thej; 
•contain no fermentable carbohydrates. 

The combined use of proteolytic and diastatic enzymes for the 
purification of yarns and fabrics is claimed *by J. Takamine and 
J. Takamine, jun,’®* 

A number of papers published on the subject of starch-splitting 
enzymes may have direct bearing on problems connected with the 
removal of foreign matter from textile materials, in that carefu 
regulation of the conditions of action is necessary, and the possible 
eijcct of foreign substances must be taken into account, if the 
satisfactory working of such delicately adjusted reactions* as those 
of , an enzymic character is to be ensured. 

F. Kaye, Indiaruhher J., 1922, 64, 435 ; J., 1922, 806a. 
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The diastatic power of malt is stated to be three to four times 
that of its commercial preparations.^®® The conditions governing 
the operation of the starch-amylase system have *y(ien exhaustively 
examined by H. Luers and W. Wasmund.^®® J. Effront/®’ who 
pioposes a method for determining the activity of amylases based 
on the coagulating action of iodine on starch paste, has also given 
details for^he characterisation of these products.’®® 

I^tu^ies of the ^coxic action of various substances on amylases 
have been made by H. C. Sherman and M. Wayman,’®® and also 
by U. Olsson.’^® The former investigators find that toluene has 
little efiect on natural or purified amylases of animal or vegetable 
origin, but that the preparations are injured by formaldehyde, 
and arc very sensitive to copj)er salts. The latter observer states 
that whereas the effect of copper salts is gradual, ai.. immediate 
inhibitivc effect is exerted by silver compounds. According to 
M. Sherman and M. Xi. Caldwell,’^’ the toxic effect of copper 
sulphate on amylases may be prevented, and even counteracted, 
by the addition of certain amino-acids, which arc also stated to 
nferease the activity of the enzymes, and i)rcvent theii* deterioration 
in the aqueous dispersion in which they act. 

Observations which might bo investigated from the standpoint 
of textile do-sizing have boon made by T. Isawa,’'’® who finds that the 
I)resenct; of sodium oleate retards the amylolylic digestion of soluble 
starch, the soap acting as a protective for the carbohydrate, and 
by J. Effront,’^® who has noted that filter paper adsorbs ptyalin, 
\V'hi(!h is not readily removed from it. Researches into the effect 
of traces of metallic salts, soaps, waxes, and other ingredients of 
size mixtu^js, which may possibly survive the treatments prelimin- 
ary to enzymic dc-sizing, and the possible selective removal of 
enzyme from the de-sizing bath by the fabric during treatment, 
might load to considerable increases in the efficiency of this important 
process. 

The presence of residual sizing materials in textile fabrics, or of 
carbohydrates introduced as fillers during the final stages of their 
manufacture, is often responsible for the development of bacterial 
or fungal defects arising during their subsequent storage or overseas 
transportation, in that suitable and easily assimilable food materials 
are provided which favour the growth of n^icro- organisms. A 

Ghim., 1922, 26, 18. 

P^nnentforsch., 1922, 5, 169. 

Compt^a rend. aoc. biol.t 1922, 86, 269. 

ConvpUa rend., 1922, 174, 18; Comptes rend. eoc. beige de biol.^ 1922, 12. 

J. Amer. Cham. Soc., 1921, 48, 2464. 
phyeiol. Chem.,<i92l, 114, 61. 

Amer. Ch^. Soc., 1921, 48,' 2461. 

J. Med. Soc. Kyoto, 18, 49. 

C^mptea rend. eoc. beige de bioL, 1922, 9. 



126 


BEPoiTS or THE PBOGIlBSS OX APPLIED OHEMISTBY. 

« 

considerable amount of work on the rendering of such filling 
materiajs antiseptic still remains to be carried ^out ; in a general 
connexion, attention may be direpled to the observations •of H. v. 
Euler and 0. Svanberg,**^ on the conditions favouring the decompo- 
sition of starch by B. macerans, and of E. J. Sidebotham,^*^ who 
traced the discoloration of a piece of cotton fabric to the presence 
of g. fungus (Botrytia) occurring in the wood of the wrai)f>ing board. 

New'hiethods for the physical testing of yarne and fabrics con- 
tinue to be evolved.* The modifications of the Barr testing machine, 
used by J. A. Mathew and G. E. New,^*’ have already been 
refe^ifcd to ; these instruments should be useful for the examination 
of all classes of yarn. Apparatus described by W. F. Edwards,^ 
for investigating stress-strain relationships in silk threads, should 
also find mpre general application. 

Articles describing new types of textile testing machinery have 
appeared in the various technical journals. The Scott tester,^*® 
an instrument possessing many novel features, is being fairly exten- 
sively used in America. The Buskop tearing tester,^ a device 
for attaching to the standard Schopper machine, enables measuA- 
ments to be made of the load required to bring about tearing of 
fabric under standard conditions. 

Instruments for determining the degree of regularity of the 
“ hardness ” and evenness of yarn have been devised by A. E. 
Oxley and E. D. Walen,^®^ the principles employed being very 
similar in each case. In the former investigator’s apparatus, the 
yarn is drawn between case-hardened shoes, the lower being fixed 
and tRe upper movable. The movement of the upper shoe, due 
to irregularities in the yarn, is greatly magnified and recorded 
photographically on a band of sensitised paper, the movement of 
which is synchronised with that of the yarn. The design of the 
apparatus presents considerable ingenuity, and the results obtained, 
which throw some light on the character oif yarn structure and 
the conditions obtaining during spinning, afford an excellent 
example of the employment of scientific method in textile 
investigation. 

A different, but equally ingenious type of continuous yarn 
regularity tester has been devised by W. Frenzel.^” 

Biochem. ZeiU.*, 1922, 128, 323, 

J. Soc. Dyera-and Col, 1922, 88, 97 ; J., 1922, 366a. 

/. ^ext, Inst,, 1922, 18, 46t ; J,, 1922, 212a. 
im ., 1922, 18, 26t ; J., 1922, 212a. 

Silk N.T., 1921, 14, 60 ; Text. World, 1922, 61, 329, 1163. 

Text. W(M, 1921, 60, 3006. 

Med. Rjjksvoorlichi. Vezel. Deljt, 1922, 35. 

Text. Inst., 1922, 18, 64t. 

Text. World, 1922, 62, 3177.' 

G.P. 363,086 J Leip, Monata. Text.-Ind.„ 1922, 87, 166. 
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Commu*nications dealing with the actual testing of materials 
are few in numbe^. J. Huebner,^®^ in the course of an Jiccount 
of researches on the effect of scoiSjng and bleachirg»on the structure 
and strength of cotton fabrics, points out that the results obtained 
by withdrawing and testing single threads from cloth are not 
directly comparable with tensile strength and ripping tests made 
on the material. ^ 

The effect of heat on the tensile strength and other propesrties of 
cotton, linen, and ramie yarn has been dealt with by R. A. Trues- 
dale.^-‘^ R. Truesdale and C. Hoyes propose radiographical 
nitithods for the examination of the effect of various treatments jub- 
sequent to its manufacture, on canvas, the surface of which has been 
obliterated by impenetrable fillings. The fibres from which the 
material is manufactured are rendered opaque to pi!-rays by 
precipitating lead chromate upon them. 

The introduction of instruments for quantitatively examining 
the gloss on paper has led to consideration of their possible utility 
in textile work for the measurement of lustre. The best known of 
+l*ese instruments, the Ingersoll glarimeter,^®®, operates by deter- 
mining the proportion of light polarised by oblique reflection from 
a glossy surface. 

The use of the polarisation glarimeter in textile work is dealt 
with by K. Kieser.^®’ Another type of instrument embodying the 
use of a photometer, has been described by H. Schulz’^® ; it has 
found application in artificial silk testing. W. Douglas^®® gives 
details of a half-shade photometer for measuring the degree of 
Whibmess of a fabric, the material under examination •being 
compared with a gtandard of chemically pure barium sulphate. 

Attempts havf been made to devise methods whereby a quanti- 
tative expression of the wearing properties of fabrics may be 
determined. E. Muller^®® gives details of an apparatus for carrying 
out rubbing tests on cloth, the material under examination being 
clamped (with or without tension) on a plane surface, and an 
adjustably loaded rubbing surface reciprocated over it by means 
of a suitable motor drive. S. A. van Hoytema^®^ describes 
experiments made to determine the wearing properties of 
carpets and mats ; the loss of weight of the material was noted 
after rubbing on a revolving grindstone under standardised 
conditions. 

J^8oc. Dyers and Col, 1922, 88, 29 ; J., 1922, 213a. 

Repts., 1921, 6, 123. 

Tvx^. Inst., 1921, 12, 418 ; J., 1921, 882a 
Paper, 1921, 29, Oct. 20. 

Dewte. Faser4offe, 1922, 4, 1. 
im., 1922, 4, 86. r, 

Textilber., 19fil, 2, 411. 

Text, Forschung, 1922, 4, 96. 

Monata, TeztMr^., 1921, 86, 201. 
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liie thermal conductivity of wearing fabrics has been investigated 
by E. S. Rood,^*® who, employing the disc method of Lees with 
suitable corrections, has measured the conductivity of knitted and 
woven cotton, woollen, silk, and linen materials. The results 
obtained show the values to be greater : (a) for dense than for 
loosely knitted or woven material ; (b) for several layers than for a 
few ; (c) for moist than for dry material. * 

Reference has already been made to published collections' of 
humidity-equilibria data for fibres and fabrics ; several com- 
munications on the hygrometric properties of textile materials have 
appc^ared in the literature. In particular, attention may be directed 
to the observations of R. Kimura,^®* who, in investigating the 
water-absorbing properties of fabrics from the pf)int of view of 
“ airing,” obtains results very similar to those previously noted by 
A. Scheurer.^®® : 

The dangers of traces of acid remaining fii fabric have beefi 
emphasised by J. B. Vinckers,’®® who refers to the difficulty of 
estimating small amounts of acid in cloth. The observations of 
H. F. Coward and C. M. Wigley^®’ will therefore be welcomed. 
These investigators, who have made ^.careful study of the atiidimetry 
and alkalimetry of bleached cotton fabric, find that small amount^ 
of acid or alkali present in the material can be determined by 
titration with A/50 solutions at the boil, and in presence of the 
cloth. By this means, accurate estimations, correct to 0*01% of 
HCl (or H.^S 04 ) or 0*02% NaOH (present as NaaCOs), can be made. 
They make very useful recommendations concerning the employ- 
ment of certain indicators for the approximate determination of the 
acidity and alkalinity of textile materials. The efiect of acid 
treatment on the strength of cellulosic materials has been dealt 
with by H. Alt.^®® 

Numerous processes for the waterproofing and fireproofing of 
fabrics continue to be introduced, but the ’majority present no 
specially novel features. In the Tate process,^®* however, a novelty 
is introduced in that a waterproofing, which is stated to be superior 
in many respects to those obtained by the older methods, is effected 
by the electro-deposition of insoluble aluminium compounds 
within the fabric. 

Phys, Rev., 1921, 18, 366. 

J. Jnd. Eng. Chem., 1922, 14, 913 ; J., 1922, 925a. 

Arch. Hyg., 1922, 91, 183. 

Ann. Repts., 1921, 6, 113 ; J., 1921, 639a. 

Med. Rijkavoorlioht. Vezel, Delft, 1922, 26. 

J. Text. Inst., 1922, 18, 121t ; J., 1922, 497a. 

Textilber., 1921, 2, 430. 

'•*H. J. M. Creighton, ^J. jPranklin Inst., 1921, 192, 497; 
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.Cellulose 
Cjfntral. 

Tho jmblication of the fourth volume of the^5eries of collected 
“ Researches on Cellulose,” originally undertaken by C. F. Cross 
*ind E. J. Be van, will be welcomed It has been compiled by 
(1. K. (/ross and C. Doree, and contains an excellent critical review 
of the ni(Tre important papers appearing during the j^eriod 1910- 
]?\2]. special attention having been paid to .the presentation of 
comparatively full abstracts of papers published in journals which 
are not n^adily accessible. It will find a prominent place in tho 
libraries of all celluloBe chemists and tc^chnologists. 

Physical and Colloid Properties, 

Investigations of the moisture content of numeri^us carbohy- 
drate's, including cellulose, under different conditions of atmos- 
piieric. humidity, have been made by C. A. Browne^’“ ; owing to 
the operation of conditions affecting the course of the experiments, 
no fixed relationship between this property and the percentage 
humidity of the atmosi)here could be established. 

In dealing with the heat of combustion of cellulose, F. 0. H. 
Binder^’^ comijares the results obtained by calculation using the 
Jiulong formula, and a modification thereof, with those given by 
Musj)ratt. Employing a new method of calculation, he obtains a 
value of 4182 calories, Muspratt’s experimental value being 4189 
calories. 

U(;fer(uico is made by C. F. Cross and C. Doree^’^ to systematic 
inv(‘stigations of specific volumes of cellulose and its dcri'Tatives, 
carried ot't in the laboratory of Messrs. Courtaulds, Ltd., in associa- 
tion with >S. J. Lewis, who, in the course of his experiments, noted 
abnormal phenomena, which are being carefully i^xamincd. 

This investigator, in continuing his important work on tho 
fluorescence of cellulose,^’® has obtained results which, represented 
graphically, define the relationships between the fluorescent powers 
of a number of substances of animal and vegetable origin, and the 
wave-lengths of the incident light.^’® Results obtained during an 
examination of celluloses and sugars indicate that some relation 
between structure and fluorescent power may probably exist. 

In connexion with the fluorescent properties of various sub- 
stances, ^attention may be directed to the ol)servations of A. 'F. 
Ivitchin^.i’’ 

Longmans, Green and Co. 

Ind. JSng. Chem., 1922, 14, 712 ; J., 1922, 72:}a. 

^7»C;icm.-Zei«.,^1921, 46, 141. 

“ Reaearchea on (^lluloaeP Vol. 4, p. 22. 

Ann. Repta^ ]92l, 6, 124. . 

Soc. Dyera and Col., 1922, 38, 68, 99; J., 1922, 366a. 

Analyat, 1922, ^7, *20^ ; J., 1922, 625a. 
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Experiments on the elecW-endosmose of organic liquids through 
a cellulosfe (filter paper) membrane have been made by A. Strichler 
and J. H. Mathevis^^’® who give cor^fderation to tne various factors 
influencing the establishment of its original charge. *- 

The supposed adsorption of alumina by cellulose has been* 
examined by A. Tingle,”® who states that its apparent withdrawal 
fron^ solutions of aluminium salts is due to chemical pre<cipitation 
by non-cellulose impurities invariably present. . Reference has 
already been made to the observations of J. Efifront,^®® who finds 
that filter paper adsorbs ptyalin, which only passes into isolution 
again, in presence of sodium chloride or starch paste. 

The significance of the colloid character of filter paper, with 
special reference to adsorption effects in relation to analytical 
operations, ia discussed by H. Bassett.^ 

It is well known that cotton exhibits preferential attraction for 
the cations of certain neutral salts in aqueous solution. H. 
Masters^ finds that the acidity and alkalinity developed, respec- 
tively, on treating carefully purified cotton with solutions of 
' sodium chloride anck other neutral salts, and on extracting thfi 
treated material with water, can be estimated by simple titration 
methods, and are proportionally equivalent. The results of 
these experiments are of interest in the liglft of work already 
published on the mechanism of neutral salt reactions. 

As pointed out in last year’s Report, important researches on the 
solvent action of aqueous solutions of neutral salts on cellulose 
have been carried out by H. E. Williams.^*® The theoretical aspect 
of this Subject has been dealt with in a subsequent publication.^®^ 
The character of the solvent action of cuprammop^um and 
copper-ethylencdiamine solutions on cellulose has b6en exhaustively 
examined by W. Traube.^®® The reaction between metal-base 
complexes and polyhydroxy compounds is one of alcoholate forma- 
tion, but the dissolution of cellulose in cuprammonium solution can 
hardly be explained on this fact alone ; the copper complex has a 
specific action on cellulose, bringing about an essential primary 
degradation. The probable mechanism of the solvent action of 
the copper-ammine hydroxide solutions is discussed in the light 
of observations made on the reaction between copper-ethylene- 
diamine hydroxide qnd glycerol. 

Afner. Chem. Soc.^ 1922, 44 , 1647. 

Ind. Eng, Chem., 1922, 14, 198; J., 1922, 289a. 

Comp, rend, Soc. beige de hiol., 1922, 9, 

4k1h Report on Colloid Chemistry, 1922, p. 16. 

Chem. Soc. Trans., 1922, 121, 2026. 

J., 1921,.221t ; Ann. Repis., 1921, 6, 127. 

Mem. Manchester Lit. Phil. Soc., 1921, 66, 12 ; “ fiesearches on Cellu* 
lo^;' Vol. 4, p. 48. • ’ * 
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Conclifeions very similar^ to those* of Traube ooncemjng the 
constitution of the copper-ceMulose complex have been re&ohed by 
K. Hes» and E. Messmer^®® lit “the course of a cc^tinuance of their 
work on the optical activity of cellulose in cuprammonium solu- 
tions, It is considered that the copper-cellulose ratio in the 
soluble complex is most usually in the order of ICu : 2 CeHio 05 , 
but that multiples other than 1 : 2 are possible. The ratio 1 : 2 
is, however, supported by the composition of the celluloses cop'J)er- 
sodiufn hydroxide complex, which has been •determined, and is 
found to bo NaaCCiaHmOioCu). 

The work of W. H. Gibson, L. Spencer, and R. McCalb®® on the 
viscosity of cellulose in cuprammonium solution has attracted other 
investigators to this field. M. Nakano, who has previously used 
the hydrogen capillary viscosimeter in an examination of the 
effect of heat and mercerisation on cellulose,^®® proposes a modifica- 
tion of this instrument,’^®® and a new form of falling sphere viscosi- 
meter’®^ has been described by R. A. Joyner, who has made a 
(jareful and exhaustive investigation of the factors affecting vis- 
C 4 )sity determination,’®^ and the effect of various reagents on the 
lowering of the viscosity of cellulose.’®* 

A paper of considerable interest in connexion with the Sthenose 
treatment of artificial silks’®’ has been contributed by M. Samec 
and S. EerjaniSic.’®® Cellulose, in the form of an emulsoid in sul- 
phuric acid, is stated to react with formaldehyde, addition probably 
taking place through the opening of an oxygen ring of the type 



and the formation of an oxymethylene group 
— (i — O.CH2.OH 
— i--OH 

I 

Constitution. 

I’he employment of strictly physical methods of examination, in 
attempts to elucidate organic chemical constitution, is a somewhat 

’»» Bcr., 1922, 66, 2432 ; J., 1922, 892 a. 

Rept8„ 1921, 6, 128. 

’“"ijirf., 1921, 6, 126. 

1921, 6, 114. 

Kog^ Kwagaku Zanshi, 1921, 24, 1395; J., 1922, 366a. 

Soc. Trana., 1922, 121, 1611 ; J., 1922, 806a. 

J., 1922, 276a. 

’®® ahem, Soc. 'fyans.'^ 1922, 121, 2396 ; J., 1923, 90a. 

Repts., J917, 2, 136. * 

Chem. Beihefte, 1921. 14. 209; J.. 1922. 94a. 
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new and interesting venture. Unfortunately, in the pai3t, there 
has been Very little co-operation between the pu^e organic chemist 
and the physicist^ ijiut it is to be hoped that time will change this ; 
the more recent developments in atomic and molecular physics 
have done much to demonstrate the importance of physical con- 
siderations in relation to molecular structure, and the possible 
utility of th(^ physicist in the realms of structural organic chemistry. 

During recent years, very serious attempts haye beem made to 
apply X-ray spectrographic methods to the examination of va’rious 
complex substan(*,(‘s of animal and vegetable origin, with the idea 
of obtaining precise; information e.oncerning the structural character- 
istics* of their ultimate; components. The grmter portion of this 
work, to whieli attention may be directexl, has been published in 
the Zeitschri^t fur Physik. 

As a re;sult of several of thc‘se investigations, R. O. He;rzog‘”‘' puts 
forward a numbe;r of interesting if somewhat speculative theories. 
He assumes tliat the; symme;try of the rhombic or ])ossibly of the 
monoclinic e;rystal system, is re'presente;el in the eedlulose mcjecule, 
and suggests arrangements of dextrose or cellobiose re;sidues whiclj 
may occur in its strue;ture, three possible types beung dealt with 
in eletail. 

Our knowlc'clge; of the chemistry of the carbjjpliyd rates in general, 
and the j)olysace;hai’ides in particular, in(;reases st(;adily. It is 
being continually enriche;el by the valuable; communications from 
the laboratories of the St. Andrews University, and by the researches 
of the various well-known Continental investigators. Many of the 
results«so far reeorele;d have been somewhat contradictory, and 
have occasioned much discussion, but there is no doubt tl^it impor- 
tant fundamental information is be*ing rajuelly airuissec^'and that 
we are approaching the real solution of c(;llulos(; and higher poly- 
saccharide structure. 

Exhaustive examinations of several of the mono- and disac- 
charides have been made, and now derivatives of a number of 
these substances have been jirejiared. The oxidational and other 
degradations of dextrose have formed the subject of much careful 
study, and a fairly thorough knowledge of the character of several 
of the products formtxl has resulted. 

Of investigations on substances closely allied to cellulose, atten- 
tiop may be directed to those made on starch and inulin. 

The polyarayloses, products of the bacterial degradation of 
starch, continue to occupy the attention of ?. Karrer «nd his 
CO- workers.^®’ Evidence is adduced that triamylose is identical 
^th j8-hexa-amylose,^®® and is therefore a polymerised anhydro- 

C€lluhf(echem., 1021, 2, 101 ; J., 1922, 8a.« 

Vhim. Acta, 1922, 181 1922, 304a. 

fier., 1922, 66, 2854 ; J., 1922, 910a. 



.FIBRES, TEXTILAj, CELLULOSE, AND PAPER. 


13a 


maltose, the unit of starch being regarded as a simple ^anhydro- 
maltose. This latter view, h(jwever, is contrary to thai held by 
other workers, especially by A* Pictet, who, iif •conjunction with 
K. Jahn,’®® has obtained a new depolymerisation product (pro- 
visionally calked “ trihex osa 11 ”) by heating potato starch in glycerol, 
this substances being produced to the <^xteut of 90% of the weight 
of the orij^nal starch, and d. (1 Irvine, who, with other oollabora4;ors, 
jT^oppses new fc^rmulaj for starch and cellulose. In conjunction 
witli J. Macdonald, he puts forward the theory, based on obser- 
vations made on the methylation and subsequent hydrolysis of 
])uriti(‘d rice starch, that the starch unit in this ease is a trihcTiOsan, 
and that it may be rej)resented by the following formula (1.).“®® 

— - O— — , 

i—CTT () -CH2.Cn(OH).CH.|CH.OH]...(lH * 

I 1 “I 

() ICH.OH]., I 

M “ I 

I Chi () 

I I 

CH () (m.l(!ir.Oni,.OH.(5H(4)Fr).(jH.2 

I ! “ I 

o-^ 

1. 

Attention may now be; drawn to his more important remarks 
(from the point of view of this report) on cellulose. 

(.\)nsiderati()n of the residts obtained by W. S. Denham in his 
researches on the methylation of cellulose, ^®^ and a subsequent 
.examination of i^.3.6-trimethylglucose,‘^®- produced as a result of the 
hydrolysis of products of the reaction, has led him, along witVi W. S. 
Denham und E.*L. Hirst, 2®'* to propose a. somewdiat similar formula 
for cellulose (11.), in the evolution of which, more recent work on 
the hydrolysis of nu^thylatcd ctdlulose, and the nature of the yield 
of ci'llobiosc obtainable by cellulose acetolysis, was taken into 
account. 

CH ...OH 

I 

I I I 

0 L(*^H.OHj2 1 

1 I 

1-.CH I 

I . I 

CH _ 0 CH.fCH.OHj 2 .CH.CH.CH 2 .OH 

I 1 I 

CH...OH O 

II. 

Chim*Acta, 1922, 6, 640 ; J., 1922, 871a. 

Britich Associatiifu Reports, 1922, B, 16. 

Chem. Soc. ^'rans., 1921, 119,* 77. 
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It max of interest to note that Jr C. Irvine, E. S. Steele and 
M. I. Shannon^®* have established ij;ie fact that iciulin is composed 
entirely of y-fruct^’se residues, and^a formula based on their obser- 
vations now remains to be put forward. Determinations of the 
molecular weight of inulin triacetate, which was found to be about 
2600, led H. Priiigsheim and M. Lassmann®“^ to suppose that inulin 
contains nine fructose residues. Its unit is stated to bef anhydro- 
tri-fructose.^*** Other formulae for starch and cellulose ^hafe 
been propos(xl by J. d. Lynst Zwikker,^®’ and subsequently 
amended 

THl: acetol^^sis of cellulose still receives much attention. In 
continuation of earlier work,^®* J. C. Irvine and E. L. Hirst, 2 ^® using 
W. L. Barnett’s process^*' for the preparation of the cellulose 
triacetate efnjdoyed in the experiments, obtain results which 
confirm earlier observations-’^ and establish the fact that cotton 
cellulose is coraj)osed entirely of glucose residues. Cellowobiose, 
a disaccharide previously isolated from the products of cellulose 
acetolysis by H. Ost and R. Prosiegel,*^’® has been the subject of 
further examination' by the former investigator, in conjunction 
with G. Knoth.2’^ 

K. Hess, 2’ 5 in the course pf experiments oiy the' degradation of 
cellulose with acetyl chloride, has- obtained as a final product, a 
new (hexa-acetyl) anhydro-biose ; this substance, -while possessing • 
many of the j)roperties of tlie sugars, has some of the characters 
of normal cellulose. P. Karrcr has continued earlier work on the 
degradation of cellulose to brominated sugars,*^® and as the result' 
of experiments made in collaboration with A. P. Smirnoff^®’’ makes 
deductions concerning the possibility of the cellultse uiAt being a 
polymerised anhydro-cellobiose (cellosan). Similar conclusions 
were arrived at in the course of a discussion of the probable con-, 
stitution of alkali-celluloses.^® 

®®« Chem. Soc, Trails., 1922, 121, 1060 ; J., 1922, 603a. 

Bcr., 1921, 54 , 1281 ; 1922, 66 , 1409 ; J., 1922, 513a. 

Bcr., 1922, 65 , 1414 ; J., 1922, 613a. 
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The ’chemistry of laevoglucosan ^-gluoosan) does not app^ 
to have progre^ecl appreciably. A study of its polypaerisation 
has hAn made by A. Pictet J. H. Koss.^^® #• 

(Idluhse Degradation Products. 

In vif'AV of a possible world shortage of liquid fuel, the subject 
of the utilisation of cellulosic matcirials for the production of power 
alcohol becomes an important one. A review of the.teclfnioal 
prow‘Sses for tlie hydrolytic conversion of cellulose to fermentable 
sugars has been published by P. P. Budnikow and P. W. Solo- 
tarew,-^® who have made experiments with the idea of devising an 
eflicicTit process for the hydrolysis of cellulose, with special re>rence 
to methods for the removal of acid prior to fermentation. 

Extensive remarks on the properties of modified celluloses have 
been made by E. Knoevenagel and H. Busch.^^i^ Regenerated 
(viscose) and heat-degraded celluloses are converted into alkali- 
soluble modifications by suitable treatment with hydrochloric 
a(ud gas. Their work is discussed by E. Heuser and W. von 
N(‘uenstein.““2 pj Heuser-^^a regards oxy cellulose as an impure^ 
cellulose containing small quantities of an *oxidation product in 
intimate association with it, and in collaboration with E. Stockigt, ^ 
proposes methods for the analytical examination of degraded 
celluloses. ^ -j • 

The relation between the amount of oxidant used in the oxidation 
of cidlulosc, and the copper value of the product, has been examined 
by E. Knecht and F. P. Thompson, who find that after a half- 
. atomic proportion of oxygmi has been utilised, the rise in the copper 
number is gradual. They have also ’ investigated the acetylation 
and nitmtion bf oxidised cellulose, and conclude that oxidation 
affects the activity of the hydroxyl groups of cellulose. 

According to E. Justin-Mueller,'^^® hydrocellulose may be distin- 
guished from oxycellulose and normal cellulose, in that it turns 
yellow and caramelises at a much lower temperature than these 
substances. 

The preliminary observations of J. Huebner and his co-workers 
arc of interest, and one awaits further results. On steam-distilling 
cellulose with iodine and caustic soda, iodoform is produced**^; 
also, it has been noted that purified cellulose, on exposure to water 
or water vapour at C. for a considerable, time, yields traces of 

rend., 1922, 174, 1113 ; J., 1922, 428a. 
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soluble aldehydes. 228 These phenomena are being carefully investi- 
gated, a^id may throw some light on the nq^ture of cellulose 
degradation. »V , ' 

The subject of cellulose fermentation still continues to ocdupy 
the attention of the various Continental workers. Papers, too 
numerous to mention in detail, have appeared, the subject having 
bocT^. examined from the points of view of plant pathe,logy and 
metaboli?im, and soil chemistry. »' 

In continuing his* observations on the properties of selenium 
oxyhalides, V. Lenher--** has prepared selenium oxybromide, and 
finds^hat, in common with the oxychloride, 2^*’ it dissolves proteins 
under suitable conditions, but does not attack cellulose. 

Much work still remains to be carried out on the character of 
plant tissues^, it is ])robabl(^ that detailed investigations of the 
more important of these substances might lead to results having 
considerable technical significance. 

R. Haller2''<' regards the cuticle of the cotton fibre as a cellulose 
adsor|:)tion complex. Amylocellulose, the resistant portion of the 
• starch granule, is tlmught to be a compound of silicic acid ancl« 
amylose. According to 0. Malfitano and M. Catoire, 2=‘2 its composi- 
tion may probably be represented by the for"rnula [SiOafC^Hi oOgliJHg, 
and the presc^ice of combined silica may account for its marked 
resistance to hydrolysis. 


Cellulose Ethers, Esters, etc, 

Papei;s dealing with the chemistry of the tu'llulose ethers are . 
comparatively few in number ; very little progress apjx^ars to 
have been made in this branch of the subject., altlj^ough •fhe com- 
mercial preparation and utilisation of these products a])pear to 
be attracting a deal of attention. 

In continuing their earlier work on the acetolysis of ethylated 
cellulose, 2^'J K. Hess and W. Wittelsbach'^^^ obtain as a final product 
of the reaction, a tetra-ethylbiose anhydride. They hav(^ made 
investigations of the molecular condition of this substance in 
solution, in various solvents. 

According to M. Goinberg and C. C. Buchler,2'^5 all tyjies of carbo- 
hydrates, including cellulose, which have been previously hydrated- 
by suitable^ treatmenii with alkali, may be benzylated with benzyl 
chloride. Mono-, tri-,. and tetra-benzyl derivatives appear k> have 

J., 1922, 94t. 

Amer. Chem. Sor., 1922, 44, 1668 ; J., 1922, 752a. 

«« Atm. Bepts., 1921, 6, 138. 

^ ”821 Text Forj^ch., 1921, 3, 20 ; J., 1921, 841a. 

^^‘Complefircnd., 1922, 174, 1128; 1922, 429a 

Ann. Rv.pts., 1921, 6, 133. • 

1921, 64, 3232 ; J., ife, 94 a. 

^2 y Amer. Chem. Soc., 1921, 48, 1904 ; J., 7U. 
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been isolated, and are characterised by their resistance to the 
solvcmt action oi^ cuprammoi^um solution. A new ragthod of 
(lotoT’mifiing methoxyl values, jvhich may bo %ipplicable to the 
oxaniination of methylated celluloses, has been proposed by W. M. 

I'lio patent literature connected with the subject contains 
mnnerous ^letails for the j)reparation and employment of celliyoso 
oth(‘rs. H. Plauson-^’ pr()i)oses to employ his colloid mill*in their 
prfxl notion. 

All oxtcnisive study of the preparation of cellulose acetates 
from ]»ine wood, sulphite ])ulp, and paper, has been made l)y E. 
Hagglund, N. Ldfman and E. Earber,*^^* who have investigated the 
conditions affecting tlu^ rate of acetylation f)f these materiifls, with 
tli(‘ ol)j(‘ot of dc^ttTinining rapid methods of productit^. The use 
of hydrazine and hydro xylamine as accelerators in the acetylation 
(d oellnlosic materials has been dealt with.-^*® 

Imjiortant communications on the gelation of cellulose acetates 
have been made by E.Knoevenag(d“^® in the course of an admirable 
ifiid (‘xtrenudy exhaustive study of the subject* Tt has been noted • 
tiiaf. cellulose acetates which do not swell in water or alcohol, swell 
very considerably, with modification of their physical properties, 
in a mixture of these liquids. The swollen mat(‘rial may be readily 
sa])(mifi(Hl by tn^atment with 0'5A potassium hydroxide solution 
at room temperature, an accurate method of acetyl determination 
being based on this observation. The effect of various organic 
liquids and binary mixtures has been carefully studied with special 
r(*fer('n(;(‘ to the physical conditions obtaining, and the degree and 
cfuiracter of swelljng consequent f)n treatment with these substances. 
Swelling is n^gaided as a phenomenon of a chemical nature. Experi- 
ni(‘ids very similar to those made by R. O. Herzog and F. Bcck,*^^^ 
on the solvent action of neutral salt solutions on cellulose and its 
deri\ atives, have beejn recorded by K. Schw^eiger,-^-^ who has dealt 
vith the solubility of cc^llulose esters, and the lower products of 
(lellulose acetolysis, in a number of neutral salt solutions. 

Like P. P. von Weimarn^^® and the above-mentioned investi- 
gators, he finds that a relation exists betwaxm solvent power and 
the hydration of the ions of the respective salts. 

The use of ethyl acetate, alone, or in admixture with ethyl 
alcohol, ^s a solvent for cellulosg acetates and nitrates, has boen 

1922, 20t. 

E. P, 183,908 ; J., 1922, 748a. 

Celluloaechsm, 1922, 8, 13 ; J., 1922, 247a. 

L'ittrl TpTf 1099 flB ISl 

KoU.-Chem *Bcihclte, 1921, 13, 194 ; 1922, 16, 180 ; J., 1921, 382a. 

Ann. Bepts.*mX\, 6, 127. , 

"" Z. physiol. Chern., 1921, 117, 61 ; 1922, 323a. 

Ann. Bepts., 1921, IB, J26, 
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investigated by H. F. Wilkie, who .has examined the viscosities 
and otl\9r physical characters of the solutions ojjtained. 

0. Torii,^^® in k review of the farious methods proposed for the 
technical analysis of cellulose acetates, states that the Eberstadt 
process appears to be the most satisfactory one : he gives details 
of a modification thereof. 

Cellulose acetates prepared by treatments involving ‘ the use of 
sulphuric acid or its derivatives, as catalysts, may contain free 
sulphuric acid, duo to decomposition of sulpho-acetates invariably 
present. M. Entat and E. Vulquin-^® propose to estimate this 
acidtfty by means of a suitable process of electrometric titration. 

Investigations of the viscosity of cellulose acetate solutions 
have been made by G. Barr and L. L. Bircumshaw,^*’ presumably 
in connexid-n with work on the preparation of aeroplane dope. 
Determinations of the viscosity and density of 5% solutions of 
cellulose acetate in acetone and acetone-binary mixtures were 
made, the precise effect of the concentration of the second solvent 
on the viscosity of the solution being investigated. 

The same subjeef has been dealt with by A. von Fischer wno 
records examinations of the viscosity of cellulose esters in various 
solvents. The work was undertaken with the object of devising 
physical methods of control for the technid&l application of these 
compounds, and is therefore of considerable interest. It has been 
noted that cellulose acetates which yield good products show a 
minimum viscosity in acetone-alcohol solution when the solvent 
contains 80% by volume of acetone, and that nitrocelluloses giving 
good celluloid, have their viscosity in alcoholic solution lowered 
by increasing amounts of camphor. t*' 

B. Rassow-'*® reviews the properties of cellulose formates, making 
observations on the formic acid content of these esters, the molecular 
ratios involved in their compositions, and their solubility in various 
solvents. Cellulose formates are stated to be very unstable 
substances. 

A process for the preparation of cellulose butyrate has been 
patented by A. D. Little.-^®® In the course of investigations on the 
production and alcoholysis of cellulose esters, A. Griin and F. 
Wittka^''’^ have prepared the cellulose esters of stearic and laurio 
acids, by treatment of the material with the corresponding acid 

Oiem. and Met. Eng., 1921, 26^ 1186. 

Kogyfo-Kwagahu Zasshi, 1922, 26, 118 ; J., 1922, 367a. 

Ann. Chim. Analyt., 1922, 4, 131 ; J., 1922, 541a. 

Trans. Fargday Soc., 1921, 16, Appendix, 72. Physics and Chem. of 
^oUoids, Dept. Sci. Ind. Res. Rpt., 1921. 

^‘8 Kottoid Zeits., 1921, 29, 260. 

Chem.-Zeit., 1922, 46, 886. , 

E. P. 107,143 and 182,8i0 ; J., 1922, 748a, 894a. 

Z. angew. Chem., 1921, 34, 646 ; J., 192g, S4 a. 
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• • 

chlorides in presence of pyridine. The mono-esters, which resemble 
the parent substsmce in general appearance, may be distinguished 
by their solubility in certain solvents and their •liehaviour towards 
fat-soluble dyes. Cellulose estors, as in the case of ethers, can 
be produced by treating cellulose in a highly dispersed state with 
the necessary reae.ting substances, with or without condensing 
ag(‘nts. fn this way, in addition to the usual organic este^^ of 
c(?l]iilose, the phosphate and sulphide of this compound* may be 
prepared. This method of manufacture has* been protc^cted by 
H. Plauson,“^“ who employs his colloid mill for the purpose of 
obtaiiung the necessary dispersion of cellulose. ^ ' 

Jdttle appears to have been published concerning the preparation 
or utilisation of the nitric esters of cellulose. 

The use of these substances as emulsifying agentsf as a means 
for the production of membranes for physico-chemical work, and 
the factors affecting their gelation, have been dealt with by H. N. 
H(^lraes and L). H. Cameron,^®® J. M. Looney^'^^ and J. Desmaroux,^®® 
respectively, th(5 former investigators having employed Jtheir 
solutions in the production of chromatic emulsions.®^® 

In the course of a discussion on “ Colloids,” held jointly by the ' 
Faraday Society and the Physical Society of London during the 
latter part of 1921,^®’ interesting remarks were made by R. Robert- 
son, who dealt with the more recent work on the viscosity of nitro- 
cellulose solutions and its technical significance, and F. Sproxton, 
who reviewed the general field of the colloid proi)erties of nitro- 
:C(^llul()ses, 

A detailed general account of the production and employment 
of these cbmpn^mds m the manufacture of pyroxylin plastics has 
been published by J. R. Du Pont.®®® They form the basis of a new 
“ plastic wood ” composition introduced by the “ Necol ” 
Company.®®® 

Investigations made by L. N. G. Filon and H. T. Jessop,®®® on 
the variation of the optical properties of celluloid with applied 
stress, throw considerable light on its behaviour during loading, 
and the results, expressed mathematically, are explained by 
sui)posing celluloid to consist of a fine-grained clastic skeleton 
and a plastic magma. 

“®e!p. 183,908; J., 1922, 748a.* 

Anter. Chem. Soc., 1922, 44, 66 ; J., 1922, 239a. 

9ioZ. Chem., 1922, 60, 1 ; J., 1922, 271a. 

M6n. Poudres, 1921, 18, 169 ; J., 1922, 388a. 

J. itwer. C^cw. *Soc., 1922, 44, 71 ; J., 1922, 239a. 
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Experimcnta made by E. 0. Holmes, jun., and W. A. Patrick 
on the e^ect of ultra-violet light on gels tend to i^^how that celluloid 
is decomposed b^^exposun^ to thts agent. 

Patents dealing with tlie production of cellulose esters, their 
conversion to plastics (involving the use of a variety of solvents 
and softening agents), and their employment in other connexions, 
ha\;v a})pearecl, the majority presenting no strikingly novel 
features'; ^ 

A non-inflammable nitrocellulose composition suitable for use 
as a binding material for driving belts or as a floor-covering, is 
obtOjiiied by dissolving nitrocellulose in the liquid non-volatile 
esters of jihosphoric or thiophosphoric acids or their halogen 
substitution products, and adding suitable filling materials.®*^ 
Cyelobutan(\;ie^®'‘ and chlorophyll acetate are among the solvents 
claimed for use with cellulose estt'.rs. 

It is probable that only a fraction of the number of plastifying 
agents proposed will find actual technical application. 

Wood. 

Communications dealing with the structural characteristics of 
lignifi('d tissues are few in number, and no very great amount of 
attention apj)ears to have, been devoted to the subject of their 
microchemical dc^tection. On the other hand, however, numerous 
papers dealing with the chemistry of the ligninr have appeared. 
Much excellent work on these substances is being (jarried out 
in the, various Continental laboratories. ^ 

In connexion \vith the subject of colour reactions for lignified 
material, reference may again be made to L. 'j^osenttaler and 
F. Kolles’ extension of earlier work on the Prussian blue test,-*® 
and to C. van Zijp’s observations on the use of benzidine hydro- 
chloride as a staining reagent.’*®® 0. Adler 2 ®’ ascribes the intense 
green colour developed on heating small pieces of wood with a 
concentrated solution of phenylhydrazine hydrochloride in glacial 
acetic acid, to traces of anethole derivatives present in the 
W'ood. 

P. Klason,'-*®® in dealing with the characters of the lignins (and 
their derivatives) of various coniferous trees, discusses the probable 
constitution of the ft-substance, and proposes a formula for it. 

J. Phfs. CJu-m., 1922, 26 , 25 ; J., 1922, 323a. 

E. V. 156,095 ; J., 1922, 542a. 

E. r. 184,071 ; J., 1922, 807a. 

8“* U. S. P. 1,397,986 ; J., 1922, 53a. 

265 deuls. plmrm. Oes.y 1921, 21 , 446. 

2«® FJmrtn, Weekhlad, 1921, 58 , 1539. 

Biochem. Zeitfi., 1922, 128 , 32 ; 1922, 346a. 

* Svensk Kern, Tidskr., 1922, 84 , 4 ; JBcr., 1922, 55. 448 et aeq, ; J., 
1922, '027a, 247a. 
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The irfethylation of lignii) and its (ferivatives has been investi- 
crated by E. Heut^^r and his co-workers By repeated Jnethyla- 
tion of "material isolated by iS^e Willstattcr-Zoclanieister process, 
and of lignosulphonic acid, the methoxyl contcmts of these substances 
were considerably increased. It was hoped that oxidation of the 
methyl ethers would yield aromatic oxidation products, but an 
examination of the products of degradational oxidation ^ave 
n%^ative results. • 

R. 'Willstiitter does not accept the theory that lignin possesses 
an “ aromatic ” structure', but n^gards it as having a constitution 
(»f a (carbohydrate character. His work, in collaboration ^with 
L. Kalb and G. von Miller ,‘“’o on comparative reductions of pine 
lignin and various carbohydrates, tends to substantiate this view. 

Jn continuation of work on the characters of straw lignin,-^^ h. 
Pashke 2’“ gi^os details of the preparation of a number of its deriva- 
tive's By treatment of straw lignin with sulphury 1 chloride under 
suitable conditions, and with j)hosphorus pe'.ntachloride, chlorinated 
derivatives may be obtained which might be utilised in the technical 
production of lacquers. , 

The ligninoid rcisins and tannins of s])ruce needles have formed 
the' subject of an exhaustive examination by A. C. von Kuler.*^’® 
(Hiemioal and other inve^stigations of the woods of Sweetish 
])ine's and sj)ruces, and of eucalyptus and the western whiter pine, 
have been made by H. E. Wahlberg,'^’^ and by 8. A. Mahood and 
1). E. P.able,2’5 respectively. The redative merits and demerits of 
tlie various processes available for the', removal of resin from wood 
prior to cellulose manufacture, have been discussed at some, hnigth 
i)y H. Wemzl.“’«^ 

A modilieatioi of the Cross and Bevan method of di'.termining 
the ce'llulose content of wood, is deseu'ibed by E. Heuser and H. 
( Visse'us,”'’ who employ a solution of chlorine in carbon tetra- 
chloride as a chlorinating agent. The proeess is stated to be 
simple in operation, to give extremely concordant results, and to 
possess several advantages over the older method. The technical 
utilisation of chlorine as an agent for the separation of cellulose 
from wood has been dealt with by A. Cerruti and by 
U. Pomilio,^’* the former writer discussing previous observations 
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of the latter, who now compares the.De Vains with the Cataldi 

process. ^ .. . x- 

R. Hasenohrl aLd J. Zellner,^*® the course of an examination 
of the constituents of fungi, have been unable to isolate any 
specific cellulose-splitting enzymes from fungi attacking cellulosic 
materials, or to induce zymolysis of oak wood or soda-cellulose 
by treating these materials with extracts of fungal mycelia, or 
sporangia. Investigations of the effect of a species of Folypoms 
on oak, showed that' development took place mainly at the exjjense 
of the soluble cell contents, the cellulosic constituents being com- 
paratively immune to attack. It is thought that the actual 
decomposition of cellulose in wood may be brought about by 
bacteria" living in symbiotic relationship with the fungus. H. 
Schmitz 2 l\as identified a number of enzymes present in species 
of Polyporus and Fomes. 

Numerous papers dealing with the chemistry of xylan and xylose 
have appeared. A modification of the well-known phenylhydrazine 
method for the estimation of pentosans has been ])roposed by^ 
A. R. Ling and I). H. Nanji.^®^ ' 

T. Tadokoro*****^ describes the characters of the absorj^tion spectra 
of the phloroglucides of methyl- and hydroxymethylfuraldehydc. 

Experiments on the hj’^drolysis of crudt? wood cellulose are 
recorded by G. Meunier.’**^ 

The utilisation of waste ligneous material is a -matter of some 
importance ; the remarks of C. S. Miner, J. P. Trickey, and H. J. 
Brownlee'^*® on the production and uses of furfuraldehyde will 
therefore be of interest. 


Wood Pulp, 

An examination of the mechanism of the sulphite process has 
been made by R. N. Miller and W. H. Swansop,^®® who give detaUs 
of numerous experimental cooks and make recommendations 
concerning the control of sulphite digestion. Determinations of 
the lignin contents of pulps during treatment throw some light on 
the rate of the removal of lignin from the material. The effect 
of the physical condition and nature of the wood employed, on tlm 
quality and characteristics of sulphite pulp, is discussed by B. T. 
Larrabee.®*’ 

Mvnaifih., 1922, 48, 21. 
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In confinuation of his earjier observations on the subject,®** R. 
Sieber®*® deals wit|j^ the analytical examination of sulphite*liquors, 
having previously investigated fl^e occurrence of t-kiosulphates and 
polythionates in these reagents.®*® The presence of thiosulphates 
in sulphite liquors prepared by the use of gases obtained by the 
complete combustion of sulphur or pyrites, is ascribed to the 
reaction o£ traces of sublimed sulphur carried over in the gas 
stream, polythionates being formed by subsequent reaction of 
thiosulphates with excess of sulphur dioxide ; “thio-compounds of 
both types may, however, bo formed by the action of volatile 
arsenic and selenium derivatives. Methods for their estimatioii 
are proposed. A scheme for the analysis of reclaimed sulpnite 
acid is suggested by G. P. Genberg.®*i W. T. Smith ancf K. B. 
Parkhurst®*® have examined the solubility of sulphu^ dioxide in 
susp(;risions of calcium and magnesium hydroxides. According to 
M. Neilson,®*® jack pine sulphite jmlp, suitable for use in newsprint 
j)aper manufacture, can be obtained by an acid digestion, details 
of which are given. E. Sutermeister®** deals with the jmlping of 
decayed and stained wood. ^ 

The reddening of sulphite pulp is attributed to the presence of 
chromogenic lignin degradation products, which may be chemically 
fixed on the cellulose, or retained after the manner of dyestuffs. 
E. Heuser and S. Samuelson®*® find that whereas these objectionable 
impurities require a comparatively severe bleaching tr(^.atment 
for their complete removal, they may be destroyed by weak acid 
solutions of potassium persulphate. 

K. J. Blair and E. Parke-Cameron®*® state that mechanical wood 
pulp may^be stored in clean water for a considerable period of time 
without apprecirJjle deterioration. Cold storage is found to be 
oven more effective. 

Tile sulphate process does not appear to have received a very 
considerable amount of attention though pulping trials of several 
n(‘w materials have been recorded and methods for the deodorisation 
of gases evolved during sulphate treatment have been discussed and 
patented. In this latter connexion, attention may be directed to the 
remarks of B. N. Segerfelt,®*’ G. F. Enderlein,®** and C. G.Schwalbe.®** 
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E. Heusor and J. Haugerod,'*®® in t^o course of an investigation 
of the cneraical characters and pulping qualities of TypJia domin- 
gemsis, a South .teLerican swamp^i'ush, have determined the best 
conditions for digestion, whereby a pulp suitable, after bleaching, 
for the manufacture of en^am or yellowish papers of medium quality 
may be obtaincid. According to G. J. Eowler and B. J3annorjee,®®^ 
sugar cane i-efuse (megam') may be converted hito pulp suitable 
for wrppping j)apers, boards, etc., after preliminary treatment 
to remove sugars fJnd non-cellulosic materials present. 

Methods for the chemical determination of the degree of digestion 
of pulps, and the quantitative expression of their bleaching qualities, 
are of interest. H. Sieber, who has previously proposed measure- 
ment Ox the digestion of pulps by determination of the amount of 
chlorine absprlxnl by sam})les from a standard solution of bleaching 
lK)wder,“®“ linds the results obtained by this test to be influenced 
by the t(un})erature find alkalinity of the bleaching liquor, necessi- 
tating modiflcation of the method of procedure. 

In a subsequent communication he has examined the chlorine 
consumption values of sulphite pulps, estimated by this method, 
and the percentage of lignin present as d(dermined by the Will- 
statter process. The clilofine consumption value of a pulp is 
stated to be approximately proportional to tjjie quantity of bleaching 
powder required for its treatment in bleaching. H. Koschier^®^ 
proposes to mak(i use of the reduction of potassium permanganate 
solution by pulps, under standard conditions, as a itieans for deter- 
mining their degrees of digestion, while A. Tinghv'*®® suggests a 
method for obtaining the amount of bromine absorbed, this figure 
being convertible to a chlorine figure and serving as a measure of 
the bleaching qualities of i^ulps. ( 

It is claimed that by bleaching pulp, first with a bleach liquor 
acidified by means of carbon dioxide to the extent of a two- thirds 
bleach, followed by final treatment with an ordinary alkaline 
bleach solution, under suitable conditions, a degree of whiteness 
superior to that produced by the usual process, and with a lower 
consumption of chlorine, may be obtained.®"’ 

Numerous papers dealing with the determination of resistant 
cellulose in pulps have appeared. The examination of pulps for 
viscose manufacture, with reference to discrepancies arising in 
carrying out a-cellUose determinations, has been dealt with by 
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• 

P. Waijntig,®®® who proposes a modification of the process.*®^ 
C. G. Schwalbe and H. Wenzl,®^® employ a solution ai barium 
hydroxide in exmnining the jesistant cellulose^ content •of pulps, 
and suggest a “ baryta resistance ” value in plac5 of the a-cellulose 
value. 

• Comparative examinations of wood and cotton cellulose have 
been recorded by S. A. Mahood and B. E. Cable, who make 
obH{U’v^atif>ns concerning the most suitable method of preparation 
fftr (esterification purj)oBcs. L. E. Wise and C. Russell^^^ regard 
cotton and wood cellulose as being constitutionally identical. 


lfa,9/e Liquor^ 

Of the relatively few communications dealing with the characters 
and utilisation (jf sulphite-cellulose waste liquors, that of F. Konig®^® 
is one of the most in tc resting. Experiments are described in 
whicii the lignin present in these lyes was sulphonated by blowing 
tlu' concentrated liquor into sulphuric acid, and the barium salt 
^of lignosulj)honic a(;id, pr(;parcd. The chemical and physico- 
duunicjal characters of this substance, which is stated to have 
the com})osition C 4 (,H 4 o 027 S 2 Ba, have been examined, observations 
being made on the proj^erties of lignosulphonic acid, and on the 
nature of its oxidation. It is proposed to employ the barium salt 
in th(^ pr(‘]>aration of the positive plates of secondary cells, the 
facts that it is readily ionised in solution and does not yield per- 
niaiK'nt products on oxidation being extremely advantageous. 
The ahh'hydc content of sulphite waste liquor spirit has formed the 
su])j(K?t of an examination by E. Houser, K. Schwarz and H. Magnus.®^® 
Th(' first •fractions in the rectification of the alcohol are stated to 
(u)ntain acetaldehyde to the extent of 10-11%, or even more. 
Reference is made to the occurrence of aldehyde in a free or poly- 
uK'rised form, and to the iodomctric methods employed for its 
estimation. 

Extensive observations on the combustion of sulphite waste 
liquors are recorded by E. Wirth,®^® who states that the average 
calorific value of the dry substance present, allowing for 10% of 
ash, may be taken as 4400 calories. He gives details for calculating 
the net calorific value of liquors for any concentration, and deals 
^\'ith the practical methods for the neutralisation of acidity /ind 
• 
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concentration. By means of suitable plant it is possible to employ 
sulphite lv(^H for economical power pn^uction. 

The patc^iit literature contains thV, usual types of references to 
the evaporation and coiu^entration of these effluents, to methods 
for utilising them in the ])roduction of fuels, adhesives, and kjxtilo^ 
finishing agents. R. J. iioffler'*'* claims their use, in eonjunetion 
with proteins in the prejiaration of threads, films, and, plastie.s, 
giving dfttails of Uk^ mnnufaeture of a patent leatlier varnish. ^ 

The addition of sulphik^-cellulose waste liquors and the like to 
alkaline baths, to minimise degradation of animal fibres, has been 
referred to in an earlier sc^ction. A patent taken out by P. Ooldberg, 
P. Onnertz, and A. TViers*’’ in this connexion has bium assigiud to 
the Akt.-Ces. f. Anilin-Fabrikation, who have nxuMitly introduced 
a new protective agent under the name of “ Protectol.” 


PArER. 

A method for the continuous digestion of rags is protected by 

V. Bernot and P. R. Fournier, J. E. Aitken'*’® recommends a 
fractional digestion process for the economical preparation of esparto 
pulp, giving details of the treatment. This process, patented by 

W. Raitt,=' 2 () j^een subjected to further m^ification.^^'^’ 
According to T. E. Blasweiler,*'*-- rye straw digested by the 

Steffen method is suitable for j)aper making. 

C. UhlomanrP^^ states that bulrushes and reeds are being utilised 
in Saxony for millboard manufacture ; A. T. Masterman®24 patents 
a treatment of waste wattle back and otluT tanyard refuse for this 
purpose. Among the various fibrous materials proposed for use 
in the making of paper and alli(*d products, peat vgain appears. 

E. W. L. Skark=^“^ deals with the significance of tlui various factors 
obtaining in the beating of pulji, and emphasises the need for a 
thorough control of the process. He reviews the methods proposed 
for measuring the degrcic of beating of pulps, aiscussing the results 
obtained during examinations of pulps prepared using various 
types of beating tackle, and describes a convenient type of instru- 
ment designed for the purpose.®^® It is known as a “ stuff-spindle ” 
and consists of a hydrometer-like appliance with an open stem and a 

31 « G.P. 340, 832 ; J., 1922, 665a. 

3” U.S.P. l,419,49f ; J., 1922, 548a. 

318 E.P. 178,902 ; J., 1922, 642a. 
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gauze W^se of standard diinenaions. t)n being placed in a cylinder 
of diluted pulp suspension, it sinks, due to the passagS of water 
througli the sieve-like base, Ifie rate of sinking, depending on the 
fineness of the pulp. Details o^ this instrument, and of a modified 
.form, are given, along with an account of the methods of preparing 
th(‘ ])ulp susj)ensions and carrying out th(^ t(‘st. 

In a lat(‘r article, he discusses the effc^et of the type of digestion 
tji'atment (‘iiijjloyed, on the colour and other characters of jute 
haT^tulT pn‘j)ared from bagging, special alftention having been 
])ai(l to the efii'ct of the changes consequent on storage in the 
drainers, on th(‘ beating property's of the pulp. Half-stuff pr(g,>a»ed 
by lime digestion does not a])pcar to have its beating properties 
aifected by storage, buf on the other hand, j)rolonge<l storage of 
iiiaterial, vvx'll digested with caustic; soda, or with caijstic soda and 
sodium sul])hide, rc'sults in the half stuff working better in the 
l.uater, Hu; maximum beneficial alteration being effected in from 
two to three weeks. It has been noted that storage of the fully- 
bc'aten ])ulps in the stuff chest, in i)rcsence of excess of water, also 
/esults in a softening.” ^ 

An exhaustive treatment of the colloid chemistry of rosin sizing 
is given by R. Sieber,’‘=^“ wdio deals with extensive experiments on 
the i)r('(;i]utating effect of metallic salts on various rosin sols, and 
with the' lixation of the; sizing ingredients by different pulps. The 
sizing procc'ss is stated to involve both chemical and electro-colloidal 
])h(‘n(»meiia. T. E. Blasw'eiler*'^*^ lias contributed a series of articles 
on the use of sodium silicate in pulp sizing, giving details of the 
])recautions to be observed in applying it along with rosin, and the 
various advantages to be gained from its use in donj unction with 
numcrouVsizing’agents. G. Muth^’'*" claims the use of coumarone- 
a,nd indene-resins in pulp sizing. Rubber latex, employed 
}dong with suitable coagulants, is stated to be an advantageous 
addition to the pulp during beating. It is claimed that it accelerates 
hydration, and that* ])aper jiroduced from the* stock has improved 
str(;ngth. Its possible use has been reviewed by F. Kaye.'*'*! 

W. 0. Holmes'*'*^ deals with the dyeing of stock in the hollander. 
Ifirect cotton dyestuffs are stated to be particularly suitable for 
the production of dark shades, if properly applied. 

Communications and patents dealing with the actual manufac- 
ture, and with improvements in the production of paper, are Jew 

f • 
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Zellatdjfu, Papier, 1921, 1, 15 seq. ; 1922, 2, 99, 134 ; J., 1921, 842a ; 
1922, 746a: 

Papierfabr., 1921, 19 {Feat- u, .4««.), 43, 625, 809, 875, 992, 1108, 
1217, 1322, 1505, 1942 ; J., 1922, 95a. 

*=*“ G.P. 349,59^5 ; ,/.* 1922, 665a. 

'*'*! Indiarubber J., 1922, 64, 435 ;* J., 1922, 806a. 

J. Ind. Eng. Chem., 1922, 14, 908 ; J., 1922, 935a. 

* k2 



148 * BIJSPOBTO OF THE FROGRBSS OF APPLIED CHBMISTBy. 

in number ; on the other h4nd, new agents have been 

for the "eclating of papers and for the waterproofing and stiSenmg 

of articles preparoji, therefrom. t- ^ 

Among these are to be found preparations of humic acid obtained 
from peat,=’«-^ condensation products of formaldehyde with urea or ^ 
its derivatives/’^^ and various proteic materials hardened by treat- 
ment with “ methylolformamide.’^^-'’® 

S.'C. J^hatnagar^’*’’® has investigated the waterproofing effect ot 
various insoluble metallic soaps on articles of paper or paper pulp, 
and makes observations on the relative efficiencies of these reagents. 

.Bentonite, a highly colloidal clay, which has been proposed for 
use in various connexions in textile and paper techno ogy, now 
finds furtlier application as an agent for tl.e removal of printing ink 

connexion whh the testing of paix-rs, attention may bo directed 
to a number of communications of interest. 

The method proposed by H. F. (toward and G. M. Wigley f 
the determination of acidity or alkalinity in cotton, might con- 
ceivably be applied in examinations of paper. H. Krull ana a. 

' Mandelkow™* state 'that the phloroglucinol absorption pocess 
devised by Cross. Bevan, and Briggs for the estimation of mechanical 
wood pulp, is eminently suitable for the determination of mechani- 
cal pulp in “news,” and similar printing 'papers, providing a 
modified form of calculation be adopted. . 

An ingenious device (termed the piezo-micromcter ) for 
determining the thickness of a sheet of paper «ubmitted ^ ^ definite 
known pressure, is -described by J. ^trachan. “ L. B. Ingerso 1 
Uives details of his polarisation glariraeter, which enables the gloss 
of calendered papers to be accurately measured af'/i stanuardised. 

»33 L Ilbl)elohde. (J.P. 303,324, 305,006-305,010, 307,098; J., 1922, 704a. 
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By W. Harkison, M.So., F.l.C. 

Introduction. 

With regard to the application of science in the textile industry, 
R. S. Willows ^ discusses the place of the physicist atid shows that 
most of the problems met with in the textile industry are physical 
rather than chemical. As a matter of fact a chemist without 
knowledge of physics would be of little value in the textile industry. 
Ulie textile chemists are men who have made a special study of 
* textile problems and to do this they have rfouiid it necessary to* 
acquire knowledge of chemistry, physics, and mechanics, and 
sometimes higher mathematics. 

Hitherto there has been no means of classifying these men who 
have not found it necessary to learn sufheient chemistry to qualify 
them as chemists or sufficient physics to qualify them as physicists ; 
run'crtheless, their value in industry is greater than that of the 
pure chemist dr physicist. The Textile Institute has commenced 
a scheme for the granting of Fellowships and Associateships in 
Textile ^'echnology. The quahfications for admission to Associate- 
ship include a* general knowledge of textile processes such as is 
given in a tlneq years’ course at some of our technical colleges, 
and two years’ actual experience in the textile industry. The 
Fellowship is intended for those men who, by direct personal effort, 
have advanced the progress of science in the textile industry, and 
one of the qualifications is that they shall have spent five years in 
the industry, that being regarded as the minimum period in which 
a man, whether scientifically trained or not, can acquire a good 
knowledge of textile technology. It is hoped by this scheme to 
pick out those men specially qualified to undertake textile research 
with s^me hopes of success. 

Wool Scouring. 

An interesting piece of work is described by A. M. King,® on the 
effect of salts (fti the viscosity of soap solutions. The addition of 
sodium chlorid? to *a N /2 solution of sodium palmitate increases 

^ J. Text. Inat., 1921, 12, 466, 

V„ 1922. 147t. • 



160 REPORTS OF THE PROORBSS OP ^PPLIBD OHEMISIJRY. 

the viacosjity, the effect continuing up' to N /2 NaCl, but larger 
quantities' of sodium chloride produce a decreaseun viscosity. A 
similar effect was 'observed with potassium oleate and potassium 
chloride. It is interesting to compare these results with the obser- 
vations of Shorter and Ellingwortli'^ on the drop number of soap' 
solutions. 

Inf the scouring of wool with soap solutions it has been ])roved by 
analytical methods, ip a communication from the British Beseprch 
Association for the Woollen and Worsted Industries,** that the wool 
removes more of the alkali than of th(‘ fat, henc(^ the scouring liquor 
tehds^to accumulate free fatty acid. This has been known for a 
long timcj by practical men, who have overcome the effect by adding 
sodium carbonate. Free caustic soda is much more effective when 
used in suitaKle quantities, and has betui successfully tried on the 
large scale by the writer. The absence of chemists in works where 
scouring of \\'ool is carried out renders such a method of little 
commercial valium The results of the above-nu‘ntioned investiga- 
tions point to the conclusion that the metlK)d ust'd by the practical 
'men, wiiatever its origin, is on the wdiole, scientifically sound. ' 

The paper cited appears to depart froni tlui custom of scientific 
organisations, in so far that the authors’ names are not given. In 
earlier communications from this Research As^ciatif)n, the authors’ 
names appeared in the customary maimer. Is is pleasing to know 
that the other Research Associations are folio wipg the custom. 

J. SchofiekB gives some practical points on tlu^ scouring of wool, 
particularly that (iontaining free fatty acid, presumably added in 
the processes of prei)aring and spinning. 

The process of scouring such wool is termed sapopification 
scour by the author. Other scouring processes are alsi/ dealt with. 

A process of degreasing wool by means of trichloro- ethylene forms 
the subject of a patent by T. A. Coghlan.®. 

Cotton Bleaching. 

The effect of scouring and bleaching on the strength of cotton 
fabrics forms the subject of a paper by J. Huebner.’ The results 
apply to the fabric on which the work was done, as the effects are 
necessarily dependent; on the nature and construction of the fabrics, 
as well as of the yarns from which they are made. « 

‘ The bleaching of cotton by means of hypochlorites at elfvated 
temperatures, has been found by P. Heermann and H. Frederking® 

»Proc. Roy. *Socv, 1916, A92, 232. 
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f' 

to produce pronounced tendering. On the other hand M. Frei- 
bergcrj contendf? that with strengths up to \ gram of chlorine 
per litre, bleach liquors may bciieated to 40° C. \5^ith perfect safety. 
At the shorter time necessary to complete the bleaching under these 
'(umditions, the amount of oxycellulose produced is said to be less 
than in the longc^r cold-process. 

Pv. L. Taylor“* discussers the comparative bleaching action of 
("lilo^'ine and hy})ochlorous acid. Processes of bleacliing cotton by 
means of ])eroxides arc described by W. Francke,'^ and by L. 
K()llmann.'“ A summary of recent innovations in bleaching is 
given by Oelker.'^ « 

R. llisten])arP'‘ described investigations on a no\^' process of 
])lea(;hing patented by Zellstoll-fabrik Waldhof, in which cotton is 
subjectecl to thir aertion of acid bleaching solutions^i followed by 
alkaline' bleaching liqueirs. The re'sults are saiel to be superior 
to tiiose e)btained by using the alkaline liquors first. Solutions 
eontaining 1 gram e)f chlorine per litre give by this method a white- 
tu'ss equal to that obtained vith 4 grams of chle>rine per litre in 
•the' ordinai'y manner, the strength of the fabrics being greater by 
the new niethe)d. 


Mercerising. 

H. Lowe, the inventor of the present-day process of mercerising 
under tension, points out in a recent papeP^ the importance of 
ade(^uat.e twist and an equal distribution of fibres throughout yarns 
for mercerising. He shows that the actual diameter of a mercerised 
thread iji, in general, less than that of the same yarn before mercer- 
ising, the effect 'oeing due to the compression produ(;ed on the inner 
layers by the tendency towards straightening of the fibres during 
the period under tension. The effect of mercerising on the dyeing 
})ro 2 )erties of cotton, has been discussed by J. Pokorny,^'^ who says 
that basic properties are imparted, the effect being greater if 
Koochlin’s alkaline chrome mordant is used with suflicient alkali 
to cause mercerisatioii. 

Numerous experiments have recently been made by Barratt- 
and J. W. Lewis^’ on the heat developed by the action of caustic 
soda on cotton. They find that the amount of heat developed 
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increases,, with the concentration of the caustic soda used. The 
curve showing the heat produced ’vith differeTit‘’'concentrations of 
caustic soda is similar in charactei to curves obtained by previous 
authors for the absorption of caustic soda at different concentrations. 
No explanation of the heat development is put forward. R. 
Willows, T. Barratt, and F. H. Parker^® describe some interesting 
experiments on the merccrisation of single cotton fibres. They 
find that, under a giycn tension of 50 mg. ])er single fibre, cottdn 
begins to shrink when the (caustic soda lies between 20® and 25® Tw. 
(sp. gr. 1 -I— 1-125), the maximum shrinkage being attained at 
auort 30® Tw. (sp. gr. 1-15). At a temperature of 0® C. the maxi- 
mum is attainal at a lower concentration, 25® Tw. 

The effect of kier boiling, scouring, extraction with solvents, 
and of merccrisation under tension, is described. These experi- 
ments show quite clearly that untreated fibres shrink more than 
fibres which have been boiled or mercerisefl, and confirm the 
experiments of the writer^® on the internal stresses in cotton fibres. 
It is likely from these last-mentioned experiments that- the con- 
ditions of growth or ripeness of the cotton fibres will have a con- 
siderable infiuence on the amount of shrinkage. Barratt and Lewis 
were unable to find evidence of the differed behaviour of the 
cuticle and internal parts of the fibre. They mention that ammoni- 
acal copper solution has a greater dissolving action on cotton 
containing caustic soda of mercerising strength than on cotton not 
containing this substance, although previously treated with it. 
This is well known, and has been made use of in industry for the 
production of cellulose solutions for artificial silk spinning. 

R. S. Willows and A. C. Alexander*® have made series of experi- 
ments on the change in sectional area and in volume of cotton 
fibres on mercerising. They find two maxima, one at 25® Tw. 
and a higher one at about 45® Tw., at which stage the sectional 
area is increased by 280% and the volume by 260%. On washing 
the area becomes 210% and the volume 200% greater than in 
untreated fibres. 

When short lengths of cotton fibres are treated with 30° Tw." 
caustic soda the inner parts of the fibres bulge out at the ends over 
the cuticle. The authors mention that the force required to move 
a substance like cotton along a narrow bore tube of the diameter 
of the cotton fibre must be enokmous and the cuticle must be 
^extraordinarily strong. It does not necessarily follow that the 
bulging is caused by great pressure of the cuticular layers on the 
interior ; the freedom to swell of the cellulose at the cut ends of th( 
fillt j, is quite sufficient to account for the result. It is clear 
'fE.P 
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however, that the inner parts have greater swelling power than the 
external, layer, which is most probably compos^'^d of cellulose of 
more compact form ; this is a very important observation. A 
similar condition was found by the writer^’ to exist with stai^ch 
granules. / 

The bulging was found by AVillow^s and Alexander to be most 
pronounced between 30° and 40° Tw., but not very distinct above 
45^ Tw., although at this stage the maximum increase in sectional 
area was observed. The reason suggested is that the cuticle 
becomes moi*e extensible at th(‘ hight^r concentrations of caustic 
soda, thus diminishing the difference in swidling power* of the 
iiiiernal and external layers. i 

It is stated that fibres which have been tendered in any way, 
do not show this bulging of the inner jiarls over the ends of the 
cuticular layer. 

The two papers above mentioned form a valuable addition to 
the literature on mercerisation. To find a full scientitic explanation 
o^ m(‘r(*.erisation will require very much morci work of this kind. 
A few interesting conclusions may be drawn by correlating the two 
papers. In the first jiaper the maximum shrinkage was noticed 
at 30" Tw., while in the second paper the maximum increase in 
sectional area was found at 45° Tw., but at this stage no bulging 
of the inner substance over the outer layers was observed. This 
bulging was, how'cvcr, found to be greatest between 30° and 40° Tw., 
that is to say, roughly about the same concentration as produced 
maximum slu’inkage. As the shrinkage takes place against a 
load it may be regarded as a tension. Thus the maximum tension 
is produced when'^he cuticle offers greatest resistance to the swelling 
forces. 

The writer has attempted on several occasions to calculate the 
theoretical tension produced by internal forces acting at right angles 
to the inner surface of a hollow tube. 8uch a calculation cannot, 
however, be made without making assumptions regarding the 
physical properties of the substance of the tube, and ii^ the case 
of cotton there are no means of measuring these properties, which 
appear to vary considerably. In the case of most substances these 
forces would tend to increase the diameter and shorten the length 
of the tube. 

The td^sion required to bring back the cotton fibres to their 
original* diameter must increase with increase in the area of the 
swollen ooUoM; hence it would be found that this tension would 
be a ma^^imum at about 45° Tw., which is the concentration most 
useful for mercerising cotton yarns and fabrics. The question of 
internal stresses in coiton fibres is strongly brought to the front 
by the two papers referred to. 

Soc. Dvera and Col. Ifilfi. ft?!. 
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W. ¥arshalp 2 describes experimeilts on the merccrisation of 
ramie a«cl finds that an improvemit^nt in lustre U produced, as well 
as an incrt'aso iif strength. Ramie has been mercerised on previous 
occasions, and samples were shown at an Exhibition arranged by 
the Textile Institute* in 1920. The amount of ramie used for 
textiles in this country is not suflicient to promise any immediate 
conim(‘reia] development in ramie* lustred by merce‘risatie)n ea* by 
other means. 


(le)TTe)N DvEiNen 

ISew me)rdants for the dyeing of basic colours on eie)tton are 
described by F. RaycT u. Co.“'‘ These eamsist of ])henolic derivatives 
containing suljdmr, e)ne example being tlie produeT obtaine‘el by 
boiling phenol with etaustic soela and sul]>hur. 

H. Wagner-^ states that katanol is a suljihur-eeuitaining mordant 
for basic colours, Avhile* tamal (a feirmaldehyde conipe)und of a 
naphthalenesulphemic acid) has also been found useful for this 
purpose. 

In the dyeing e)f direct cotton colours R. Aue^rbach--’ finds an 
optimum cone-entratiou of salt for increasing the dyeing witli direct 
colours. The same observation was niadc^n 1912 by the writer, 
who also found that by the addition of protective colloids this 
optimum concentration was raised considerably. 

R. Haller and 11. Russina-’ made expeiimeiits on the dialysis 
of direct cotton colours, with and without the addition of salts. 
They found that in presence of salt more dye passed through the 
dialyser than in its absence. From this observation they conclude 
that salt plays the part of a protective colloid. • The Authors are 
evidently unfamiliar with Rayliss's work on Congo Red, or with 
Donnan’s theory of membraiuj equilibria. The effects described 
by Haller and Russina are most probably due to the electrical 
action of the dialysing membrane. 

In this connexion H. Masters^” finds that wdien purified cotton is , 
extracted with a neutral salt solution the extract is acid. This 
observation was first made in 1912 by the writer,-® who applied 
it in the explanation of the dyeing of cotton with direct cotton 
and other colours. 

Battegay and . Claudin'-*" bring forward experimental evidence 
in support of the idea that in vai dyeing, in addition to t*ne simple 
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deposition of the dye in thh interstices of the fibre, the»e exist 
other foi;ces eithei* chemical or# adsorptive. 

,1. Fokorny^® gives some inttii^sting notes on tlie dyeing pro- 
perti(‘S of cotton mordanted with an alkaline chrome mordant. 
Two methods of preparing th(‘ mordant are given, the most 
economical being the following : 1000 g. of chrome alum is 

dissolv(‘d in o litres of hot water and cooled to 10" (h This^is 
])oi1rt‘d with rapid stirring into 21 litres of causfic soda 

of 72" Tvv., cool(‘d to 10" 0. The alkaline mordant obtained has a 
s})eeilie gravity of about 1-10 Tw.). (Vitton is treated with 

this mordant, allowed to stand several hours, and washed \fitff 
cold water. , 

C\)tton mordanted in this way has an increased absorptive 
ca])aeity for the ordinary mordants, for many acid cokers such as 
AlizariiK' Saphirol, Eriochrome Azural, etc., for diazo and tetrazo 
derival ives of amines and for phenolic compounds, such as salicylic 
acid, chromotropic acid, etc. 

For the jiroduction of effect threads in cotton dyeing, L. (%ssella 
u.*(lo.‘“ convert the cotton into benzoate by infans of alkali and a 
solution of benzoyl chloride in benzene. The same result is obtained 
by j)artial conversion into cellulose acetatc.^^ 

Similar effects are said to be produced by the use of naphthalene- 
sul])honic acids, beiizidinesulphonic a(;ids, and sulphonated veget- 
able oils by pre(;ipitating with a salt of tin.*'*® 

Wool and Silk Eyeing. 

Inter(‘stfMg nofiJs on the dyeing of chrome mordanted wool are 
given by A. Ganswindt.'*'* Appanuitly the best effects arc obtained 
wlu'u the mordanting metal exists both in an oxidised and a 
reduced state. 

Experiments on tlft'. mordanting of wool with chromium are 
described by A. B. Craven. Advantages are said to be obtained 
by after-treating the mordanted wool with soda ash prior to dyeing. 

A long and interesting account of the development of processes 
for dyeing w^ool in fast colours is given by B. Wuth.^® Developments 
are described in the alizarin group, the gallocyanino series and the 
O'hydroxy- and o amino-azo dyestuffs, which In^ve the property of 
combining vith metallic substances. Mention is made of the 
Metachrmne, Monochrome, Eriochrome, and Chromosol methods 

nyem and Col, 1922, 38 , 248 ; J., 1922, 894a. 

(l.P. 340,883 ; J., 1922, 249 a. 

G.P. 347,130 ;• J., 1922, 249a. 

G.P. 340,454 ; J. M>c. JChfers and Col, 1922, 38 , 21. 

TtxtiWer., 192^, 3, 151 ; J., 192^2, 411a. 

J. Soc. Dyers and Col, 1922, 38 , 108 ; J., 1922, 368a. 

Jbid., 1922, 38 , 241. * 
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of dyeing. Recent work on the indigo, thioindigo, and indanthrene 
series is also metutioned. 

J. 1. M. Joncs^’ discusses the dyeing of the acid alizarin dyestuffs, 
and mentions many of the points given by Wuth. The names of 
the British dyestuffs corresponding to those hitherto made on 
the Continent are given. 

J. llrandf'*® describes a process for dyeing azo colours on wool, 
in which the wool is first boiled in a solution of a naphthol, naphthyl- 
amine, or aminonaphthol and subsequently coupled with a diazo- 
tised amine. 

A process of dyeing vat colours on wool is given by L. Kollrnann.^® 
Wool is dyed dark blue by three immersions in a vat containing 
]5 g. of 20% indigo paste, 5 g. of hydrosulphite, 5-15 g. of prepared 
chalk, or tlie equivahmt of zinc oxide, per litre at 15 '" C. Tn another 
mettiiod the wool, 10 parts, is dyed for J-1 hour at 
withes parts of 20% indigo paste, 10 parts of liydrosulphite, and 
15 pWts of i)repared chalk in 1000 parts of water. Hydron Blue 
is dyed in a similar manner, but zinc oxide cannot be used. 

For protecting wool and silk against the action of alkali in the 
dyeing of vat colours, sulphitc-celluloSe liquor is claimed by Akt.- 
Ges. f. Anilinfabrikation.^® ^ 

The use of Protectol, which is probably the same as the above, 
in the dyeing of wool and silli with vat colours, forms the subject 
of a paper by A. Fdge.*^^ 

For the production of effect threads wool is treated with the 
soluble condensation products of x^henols with aldehydes, the dyeing 
affinity being thereby reduced. 

F. Miinz and R, Haynn^® state that when wool is treated with 
acetic anhydride in the presence of a catalyst such as sulphuric 
acid its affinity for acid colours is destroyed. As an example, 
1 kg. of wool is treated with 1 litre of acetic anhydride, 4 litres of 
acetic acid, 140 g. of sulphuric acid, and 77 g. of dimethylaniline 
for IJ hrs. at 57°-58°C. The treated wool is then mordanted, if 
desired, with chromium acetate and formic acid. 

Dyeing of Cellulose Acetate Silk. 

W. E. Sanderson^^ describes the various processes used for the 
dyeing of cellulos^ acetate silk,^ some of which were given in the 
last volume of these reports. 

Soc. Dyers and Col., 1922, 38, 201. 

6’oc; Ind. MuUmise, 1921, 87, 337 ; J., 1922, 361a. 

^W^xtilber., 1921, 2, 279 ; J. Text. Inst., 1922, 13, 10. 
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J. Soc. Dyers and Col., 1922, 3^ 136 j J., 1922, 497a. 
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« Chem.-Zeit., 1922, 46 , 945 ; J., 1922, 8^a. 

** J, Soc. Dyers' and Col., 1922, 162. 
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Mention is made of a new method saponification, in which 
the cellulose acetate is soaked in a strong solution of cnmmon 
salt containing cauOtic soda.^^ ,The British Cellujose and Chemical 
Manufacturing Co. and L. G. Richardson^® claim tliC use of borates, 
silicates, aluminatcs, or acetates as additions to the caustic soda 
used for saponification. 

Sanderson shows that the effect of magnesium or zine chloride 
patented by Clavel as an assistant for dyeing basic colours, is due 
to % s^lting-out effect, sodium chloride being quite as good, but 
cheaper. Several simple azo dyes are mentioned which have a 
distinct affinity for cellulose acetate, the affinity being increased by 
the tulclition of a neutral salt. The absorption of the free baserr oi 
dyestuffs, such as Spirit Blue, from susj^ension in water is men- 
tio]ied. I’he production of a black by the oxidation of ^-amino- 
diphenylamine is referred to, but no details are given.'^ 

Tlie dy(nng of cellulose acetate by the foam method forms the 
subjec*t of a patent by A. Clavel.'*’ 

In a recent patent of W. Harrison and Burgess, Ledward and Co.,®* 
])r()cesses are described for the dyeing of direct cotton colours, 
s^lphide colours, vat colours, and basic colours' on acetate silk. A 
direct colour such as Diamine Sky Blue, which has no affinity for 
cellulose acetate under ordinary conditions, was found to be absorbed 
almost completely from a dyebath when convened into a colloidal 
solution by means of a suitable precipitant, such as dianisidine 
in presence of a protective colloid. As would be expected from 
tlui chemically unstable character of such colloidal complexes, the 
colour is entirely removed by alkaline liquids. Wlien, however, 
a similar method is applied to vat colours which, after absorption 
by the silk, arc ^<oxidised by the air and become converted into 
stable colloidal form, fast dyeings are readily produced. 

B. C^lavcD® states that the dyeing of cellulose acetate is not, as 
hitherto generally supposed, merely a physical phenomenon of ad- 
sorption, but that dyeing is due to the presence in the dyestuff 
of clH'mically active groupings, which enable the dye to combine 
chemically with the cellulose acetate. The following groups are 
claimed as active groups : hydroxyl, amino, imino, imide, nitro, 
nitroso, isonitroso, acidylamino, and azo groups. Carbonyl groups 
are said to be indifferent but sulphonic groups weaken or arrest 
the power of chemical combination. 

As exaenples of dyestuffs containing active groups the following 
are mentioned : Pyramidol Brown, with four hydroxyl groups ; 
Chrome Violet and Alizarin, with two ; Magenta, with three amino 

‘®E.P. 160,980 ; J., 1921, 692a. 

®*E.P. 175, 486^176, 034; J., 1922, 289a. 

E.P. 176,535 ; J., 4921, 679a. 
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groups ; Khodaniine, witli one ethy^aniino and one die^thylamino 
group Gallocyanine, with one hydroxyl and^one dimcthylamino 
group;' Indant^hrene, with two^^iinino groups, and Algol Rose, 
with one hydroxyl and one acidylaniino group. If this^ theory 
were ti*ue tlie jiroduction of dyestuffs suitable for (;ellulose acetate 
dyeing would be a eornparatively simple matter. 

Whiles within certain limits it is quite ])ossible that the dyeing 
niay be governed to some extent by these so-called active groupings, 
it is by no nutans -certain that the dyeing of cellulose acetate is a 
chemic.al phenomenon. The writer considers that the process of 
.<lyeing this fibres is entirely a solution phenomenon, if (llavel’s 
chemical theory were correct, the effect of these active groupings 
should' always bt‘. the same, and the ordinary chemical activity 
of these grejupings should lie inhibited by iheir chemical combination 
with the c(‘llulos(‘ acetate. Neither of these (jonditions holds in 
practice. For example, ' wlum comparing aminoazobenzene with 
its derivatives, containing hydroxyl or amino groups rneta to the 
parent amino group, it is found that the aminoazobenzene is almost 
completely exhausted from the bath by cellulose acetate si%, 
the dye containing the hydroxyl group comes next, and the dye 
containing a second amino group is lea^t exhausted. As the colour- 
ing pow(ir of these compounds is not tl^> same, the absorption 
cannot be judged from the deiith of (colour produc(‘d in the silk. 
The experiment clearly shows that th(^ addition of the so-called 
active grou])s, hydroxyl and amino, reduces the affinity of the 
parent aminoazobenzene for the silk. The effect is due to increased 
solubility in water. 

In the case of simple amino compoui^ds dyed on acetfite silk the 
free amino group is readily diazotised, showing Hhat the grouping 
cannot be; chemie.ally combined with the silk. 

The observation of Sanderson that salts increase the absorption 
of both acid and basic colours is favourable to the opinion that the 
dyeing is a solution phenomenon, the salts merely reducing the 
solubility of the dyestuff in the water. 

The strongest support to the solution theory is given by obser- 
vations on the dyeing of cellulose acetate with colours produced 
in the fibre by reactions which take place in organic solvents, but 
not in water. This work is not yet published. 

,Of more recent developments A. G. Green and K. H. Saunders®® 
describe a series of dyestuffs under the name lonamines, which are 
absorbed by cellulose acetate. These dyes belong to the same type 
as the soluble azo dyes patented by the Society of Chemical Industry 
in Basle. All these dyes contain substituted amino groups, j 
in which the hydrogens are replaced by methyl and by sulphonio^' 

<^0 J. Soc. Driers and Col^\i)2^, 39^, 10 ; J., 1923, 158a. 

«E.P. 172,050-7 ; J., 1022, 51a. 
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giou))S, wspectively. Suolftkiyestuffs •are hydrolysed in dilute 
st)lution by acids with formation of the corresponding aminoazo 
cornj)ouiuls. The fiyi^ng is the» due to the aniii^iazo com{)ounds. 
Tlicsc ft)-iiK‘thyIsulphonic acid d?rivativ(‘S have tfi(^ advantage of 
gr(‘at(‘r S()lul)ility than the ])arcnt aminoazo com])ounds. Practi- 
cally all simple' aminoazo comjiouiids arc absorbed by cellulose 
acH'talc silk, but this do(‘s not apply to the corresponding fo-methyl- 
siilnliouie* acids, some' e)f which have no alhnity whatever fe)r ttie 
silk A fe'w elye-s e)f this tyjie' wt're' made anel jise'd by the writer 
in(ic|K'iiele‘!illy of (Ire'e'ii and Sauneleu's, but as they were absorbed 
l(-ss re'adily than the' eua-responding amine)aze) e;e)mpe)unels tli^ 
work vas ne_)t ce)ntiniU'el. (Ireen and Sauneh'rs have, he)werer, 
made- a large nmuber eif these compemnds, from which they have 
made' a s(‘lee‘1ie»n for bulk manufacture, uneler the names lonamine 
A, lb (1, (4A, H and L. By using these dyc^s in ea)njufictie)n with 
ordmaiy eliive-t ee)tlein colours, l>e>th cotton anel acu'tate silk can be 
dycel ni one bath either the same or different colours. 

l^HINTINe^. 

^Special effects are produced in printing by crumpling fabrics into 
an irregular perforated cylinder which is then cfosed and immersed 
in a dye bath. Irregular markings are produced by the penetration 
e)f the elye through the holes in tlui (ylinder. Multicoloured effects 
are obtained by rc'jx'ating the operation with other dyes.^** 

B. S Willows, ¥. T. Pollitt, and T. Li'ach produce effects by 
embossing with hot rollers fabrics containing 7-15% of moisture, 
and tlu'u dy('ing, mercerising, or parch rnenti sing the embossed 
fabrics. Tlu' novi'lty appar('ntly lies in the combination of the 
two tr('atments, as the amount of moisture specified is within the 
rang(' used *10 practice for the ordinary embossing process. 

11 Haller and F. Kurzweil'’^ giv(^ (quantitative figures for the 
amount of alumina, lime. Alizarin, and Turkey-red oil fixed during 
steaming of a fabric printed with a paste of given composition. 

H. SuiKh'r"’'^ (claims an improv(unent in the chlorate-prussiate 
discharge jiroct'ss of qirinting by the ust^ of boric acid in place of The 
greater part of the citric acid usually used. 

J. Pokorny '’® states that Leiicotrope 0 is a valuable assistant for 
th(' discharge printing of basic colours on a tannin -antimony 
mordant- by means of Hydrosulphite NF. 

V.. Sunder®’ makes use of sodium tungstate "for the fixation pf 
b;mic cohTurs by printing of reserve pastes under Aniline Black. 
• 

Calico JPr inters’ Assoc., F. O. Ashmore, and F. Cochrane, E.P. 172,193; 
•/.. 1922, r>5A, 

''"E.P. 171,802 ; J., 1922, 55a. 
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Mdwled effects are produced hy the use of dyestuffs iivsoluble in 
water, Jiut soluble in an oil, which sere dissolved or emulsified in 
oil, an^. applied to the surface pf water. Different colours are 
intermingled by drawing a comb over the surface of the water. 
The textiles are brought into contact with the coloured surface and 
absorb the colours therefrom.'^® ‘ 

Finishing and Proofing. 

W. P. Dreaper”” claims the use of metallic tungstates for fire- 
proofing of artificial silk filaments before conversion into' staple 
fibre. Transj)arent effects are produced on cotton by treatment 
t/vith sulphuric acid of sp. gr. 1*515-1 -586, washing, and drying 
under great tension, repeating the o})eration with stronger acid 
(sp. ffc. 1 *505-1 *597) and finally mercerising.®® 

Bayer u^ Co.®^ waterproof fabrics l)y treating them with a solution 
of a fatty acid derivative of cedlulose, followed by treatment with a 
solution containing a salt of aluminium decomposed by heating. 
A suitable^ cellulose derivative is that obtained by treatment of 
cellulose with caustic soda and chloroacetic acid. 

H. Pomeranz®2 ^ives qualitative tests for dextrin suitable for 
cloth dressing. 

N. J. Planowsky®® describes a Series of experiments on the 
colloidal proj)erties of the assistants u^ed in finishing fabrics. 
The Tate electrolytic waterproofing process is described by H. J. M. 
Creighton.®^ 

The (‘ffect of fireproofing agents on the durability of cotton 
fabrics forms the subject of an article by R. L. Sibley.®® A useful 
article on the preparation of cloth for finishing is given by S. H. 
Higgins and A. Hodge.®® A. Jackman®’ describes the .methods of 
finishing fine woollen and worsted fa})rics. Th-lj defects produced 
by finishing are enumerat-ed by E. Midgley.®® 

For protecting wool and fur against the action of moths Bayer 
u. Co.®* make use of silicofluoric acid and other complex acids 
and their salts, which are precipitated by metallic compounds. 

In a later patent’® mention is made of silicofluoric acid, phospho; 
tungstic acid, titanium-hydrofluoric acid, and hydrofluoric acid, 

®«E.P. 156,r)14; J. 1022, .‘167a. 

®»E.P. 175,746; J. 1022, 289a. 
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which arc applied to wqolrfrom a cold bath containing iissistants 
such as salts, ac^ls, or mordants. The same company^^ mention 
numerous organic compounds loic protecting woohfrom moths. 

Sizing. 

Anirnal size or casein used for sizing of yarns or the stiffening of 
fabrics is hardened by treatment with 2% of methylol forjnamide, 
H*(XbNH.CH,.OH.’- 

Testing. 

H. Alt’^ describes a series of tests on the effect of water and of 
the bacteria present in soil on the strength of various 'fabrics. 
Kocliler and M. MarqueyroP'* describe a method of determining 
the eo})])er mem))er of cellulos(i in which precipitated copper carbon- 
ate is used. The cuprous oxide formed is determined by adding 
excess of iron alum and titrating the ferrous sulphate formed with 
IKTuianganate. 

, H. F. (toward and G. M. Wigley^* give a metl^od for detecting and 
d(‘ternuning acidity and alkalinity in cotton fabrics, particularly 
aero])lanc fabrics. With regard to tests for oxy cellulose, E. Heuscr 
and E. StbekigF*’ state that on distillation with 12% hydrochloric 
acid oxyeellulose gives carbon dioxide whereas hydrocellulose does 
not. Oxyeellulose prepared by means of acid permanganate, 
as used by E. Knecht and F. P. Thompson, gave 1-04% CO 2 , the 
maximum amount obtained being 1-32%. As a qualitative test 
for oxycelluloHO Tollens’ j5-naphthoresorcinol test for glycuronic 
acid" is ])roposcd. 

E Risteftpart Jt^id P. Wieland"* discuss the effect of formaldehyde 
on the colour of dyed materials. B. Setlik’® gives a list of the 
various tests applied in determining the general fastness of dyed 
materials. 

A method of testing the fastness of colours to light is described 
by the Atlas Electric Oevices Co., Inc. In view of the unreliability 
of tests made with the quartz mercury lamp there is need for a 
satisfactory method of testing. The results obtained by the 
Fado-Ometer are much nearer to those obtained with sunlight 
than tests made with the quartz mercury light. 

(hP..rt44,2r)6, 344 , 596-8 ; J., 19a2, 289 a . 
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ACIDS, ALKALIS, SALTS, ETC. 

By H. J. Bailbjt, O.B.E,, F.I.C., 

Impcetnr of Alkali, etc. Works. 

As pointed out in l^st year’s Report, the heavy chemical industry 
was passing through a very severe strain of depression during the 
yTte 1921, and the year now under review opened with this indus- 
trial depression almost at its worst ; stocks of raw materials had 
fallen seriously in value, while stocks of finished products could 
not readily v,he disposed of. The early months of the year were 
marked by strenuous efforts to cut down expenses and to reduce 
costs of production, and the year as a whole has been one of great 
anxiety to all those engaged in chemical manufactures under the 
above heading. As the year progressed, however, industry began 
slowly to revive, and.^ although even at the end of the yAr activities 
had not yet reached the normal, the outlook for the future is more 
reassuring. 

The anticipated keen competition in an^onia products, which 
caused such serious depression in prices at the commencement 
of the year as to rule out the possibility of the smaller works main- 
taining any profit on manufacture, has not materialised to the 
extent forecasted ; nitrate of soda stocks have been largely liqui- 
dated, and a steady demand maintained for sulphate of ammonia. 
Germany has required practically all her own production of nitro- 
geneous fertilisers, and at the end of the year was endeavouring 
to negotiate for a supply of Chilian nitrate. 

The production of sulphuric acid in the United Kingdom is a very 
sure guide to the activities of the heavy chemical industry, and for 
the years 1919-21 was approximately as follows : — 


Sulphuric acid rrwinnjactured in the United Kingdom, expressed as tons of 
100 % 


« 

1919. 

1920. 

1921. 

Chamber process 

850,000 ! 

987,000 

583,000 

Contact process 

33,000 

66,000 

28,000 

^otal T 

883,000 

* 

1,053,000 

• 

861,000 
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It is not possible at the* time of writing this review to give an 
accurate estimatf of the proc^ction for the year 1922, ^but it is 
anticipated that the figure will* be about 800,000 as tons of 100% 
H28O4, of which about 40,000 tons will bo contact process acid. 

> 

Safeguarding of Industries Act. 

.The attempt made by the Government, under the al/bve Act, 
to fo^^ter certain branches of the chemical iifdustry which might 
otherwise be liable to extinction, has led to considerable discussion 
during the year, and several important questions have been 
b(‘fore the Official Referee, definite decisions in certain cases being 
giv(ui. The question of the meaning of the term “ Fine Chemical ” 
was discussed at Nottingham,^ and an attempt mfl#ie to arrive 
at a definition. A complaint that calcium carbide- was improperly 
excluded from the list of articles covered by the Act was rejected 
by tfie Referee. Discussion {)f the terms “ Fine Chemical ” and 

Synthetic Organic Cliemical ” took place at Newcastle.® Com- 
plaints were lodged against the inclusion of cre^m of tartar, tartaric 
acid, and citric acid, ^ and the meaning of the term “ Fine Chemical ” , 
was argued before the Referee ; the complaints were upheld in 
the decision and these substances consequently were removed from 
the list. In his decision the Referee emphasised the importance 
of trade usage or classification where such existed. The exclusion 
of sulphur dioxide*^ (liquid) from the list of articles was upheld. 
Tlio lists were amended by the inefiusion of “ mechanical aggregates 
of oxide of thorium and oxide of cerium and of nitrate of thorium 
aud nitrate of ^cerium being ingredients of incandescent gas 
mantles.' Bcric acid^ was removed from the list of articles in- 
cluded under th(^ terms of the Act. Sodium hyposulphite “ R 
vas included in the original list, and after argument before the 
Referee complaint tj) have this article removed failed, but the 
words “ photographic quality ” w ere inserted in the list to define 
its purity. 


British Industries Fair. 

At this Exhibition® at Shepherd’s Bush, in the early spring, the 
heavy chemical industry was well represented! and this no doubt 

^ ./., 1922, 24ii, 48 r. 

" J.*1922, 44r. 
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^ J., 1922, 115r. 

" J., 1922, 148r. 
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1922, 92r. 
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f. ^ 

helped to 4 ,adverti 8 e the great progress imade in applied chemistry 
in this country since the outbreak of ^war. A larg% range of exhibits 
was shown, and this was followed \n March by the distribution of a 
list of Fine Chomicalsi® produced in this country. This list, issued 
by the Association of British Chemical Manufacturers, contained 
the names and addresses of thirty-eight manufacturers, with some 
1700 products produced by them. 


Smoke and Noxious Fumes. 

^Sasiderablc attention has been paid during the year to the 
question of the abatement of smoke and noxious vapours. The 
report of the Committee appointed to consider this question, of 
which Lord j^^ewton was the chairman, was issued at the end of 
last year.^i^ In this report the question of industrial and domestic 
smoke is dealt with, and recommendations were made for future 
legislation with a view of obtaining more uniform methods of 
dealing with industrial smoke by cefunty councils or county boroughs, 
under the suporvisioit of the Ministry of Health ; also it was recoraf 
mended that noxious vapours should be, dealt with by a further 
extension of the Alkali etc. Works Regulation Act, 1906, where 
such extension is found necessary. No legislation has resulted 
during the year under review to give effect to any of these recom- 
mendations. 

H. J. Bush^‘^ gave a valuable paper on electrical precipitation as 
applied to the removal of acid fume from gases resulting from 
the concentration of sulphuric acid, also for the removal of dust 
contaming potash salts from gases emitted bj^ blask-fumaces ; 
he also discussed electrostatic precipitation as applied to the 
cleaning of roaster gases from mechanical pyrites furnaces. The 
paper dealt with the Lodge and the Cottrell designs of both the 
plate type and rod and tube type, and showed how electrical 
precipitation is being extended to displace cyclone or bag dust 
collectors to deal with the air from dusty operations. A flue type 
of precipitator has been installed to deal with chloridised vapours 
from the furnacing of mine tailings, where gold, silver, mercury, 
and lead are being recovered. The difficulties of standardising 
plant of this type wpre pointed out, as every individual installation 
has to be designed to deal with. the particular problem *in hand. 
In the tube type, with a tube of 12 in. diameter, the voltage required 
as 'measured by the spark-gap meter, was in the neighbour^iood of 
60,000, and the upward or downward passage of the ’gases w»s 
'discussed. 

,7., 1922, lOlR. 
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Progress in electrical precipitation has been more rapid in America 
and on the Conthient than in Ijiis country ; thoje are now, however, 
several installations working *011 dust removal, and during the 
year a further plant to deal with dust from pyrites burners and 
•acid mist in the contact process has come into operation in this 
country, with satisfactory results. 

W. E. Gibbs^** dealt with the industrial treatment of fumc^and 
dusty gases. In a valuable survey of the siibject he pointed out 
that- smoke, fumes, and dusty gases can all be regarded as disperse 
systems, in which the disperst^d system is a solid or liquid, and the 
dis])ersion medium a gas. Particles larger than 10"® cm. dialtfeter 
settles in still air with increasing velocity, particles of 10"® tq 10 cm. 
diameter settle in still air with a constant velocity according to 
Stokes’ law, and do not diffuse ; while smokes, tl^ particles of 
which range from 10 to 10 cm. in diameter are in active Brownian 
mov<'ment, do not settle in still air, and diffuse fairly rapidly. The 
methods of facilitating the settlement of dust were dealt with, 
namely : (a) by retarding the rate of flow of the gases by means 
•of cooling, passing through flues of large crctss-sectional area, and 
by baffling ; (b) hy shortening the vortical path to be traversed 
by the particles ; (c) by centrifugal action such as in the cyclone 
dust catcher ; (d) by loading the partick^s with water either by 
cooling or by means of an atomised water spray. 

Filtration methods were also dealt with, including the Halberg- 
Both system of bag filtration as applied to blast furnace gases. 
The question of smoke washing was discussed and the difficulty 
of obtaining intimate contact of the jjarticles with water was 
pointed put ; ^electrostatic precipitation was referred to, and 
suggestions were made for further research work on the subject. 

Ernest Solvay.^^ 

The death occurred on May 26th, 1922, of Ernest Solvay, and 
thus was removed one of those personalities whose work had 
marked a distinct epoch in heavy chemical manufacture. The 
Leblanc process of manufacture of sodium carbonate had hold 
th'c field from 1790 until 1863, when Solvay established the 
ammonia-soda process at Charleroi, which after initial struggles 
has become world wide; so that in 1903, someJ, 600,000 tons, out of 
a wurlcFs total production of i, 700 ,000 tons, was made by the 
amraouia-soda process. At the present time this process is 
gradually, being replaced by the electrolytic decomposition of 
sodium chloride, but for over 60 years the Solvay process has 
been the basis oi the enormous increase in heavy chemical manu- 
facture. 

J., 1922, tSOT. 
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Evaporatioi^. 

J. W. contributed to ttie knowledge of this subject — 

one of considerable importance in heavy chemical manufacture. 
Ho pointed out that the subject must be considered under twq 
headings: (a) evaporation below the boiling point of the liquid 
evaporated, and (b) evaporation at the boiling point. Under class 
(a) the r»ate of evaporation may bo taken as approximately pro- 
portional to the area' of surface exposed, and the rate of evaporation 
may bo expressed by the formftla : — 

Rato of evaporation in kilograms per 

sq. metre per hr. from water surfaces “\ 50 J 

where p = vapour pressure of the liquid in mm. of mercury 
and p^ — vaj^our pressure of water vapoiu* in the air in the same 
units. This formula was tested with salt solutions and compared 
with factory results, and was found to give results about 10% 
high, owing to the fact that still air is impossible above a warmed 
liquid owing to convection currents. The work of Leonard Hill 
and Carrier on the sa.me subject was referred to, and formulae were 
given for the effect of air currents impinging on the surface of the 
evaporated liquid. 

The measurement of vapour pressure in aijj was dealt with, and 
the application of the formula to drying operations in air dryers 
was pointed out. Under class (6), evaporation at the boiling point, 
the above equation breaks down when p^ equals the barometric 
pressure, but in still air, without any disturbance of the surface, 
it is suggested that the rate of evaporation would be about 26 kg. 
per sq. metre per hour. This figure indicates tlm rate^from any 
water solution where no difficulties from frothing or entrainment 
would occur. It was pointed out that maximum rate of evaporation 
from boiling liquids was difficult to determine, but a figure of 250 kg. 
per SQ. metre per hour was suggested, though for rectifying plant 
whore entrainment must be avoided the figure of 100 kg. should 
not be exceeded and plant should be designed accordingly. The 
rate of heat transmission and the temperature drop were shown to 
have a distinct effect on the rate of evaporation. Scale, material, 
multiple evaporation and the heat pump were also discussed. 

‘Fixation of Nitrogen. 

J. A. Barker^® gave a valuable summary of the post- war progress 
in nitrogen fixation before Section B of the British Association at 
Hull. The arc process, which was put into commercial* operation 
in Norway in 1904, has now reached enormous development. 
As'pointed out in the Report of the Nitrogen Products Committee,” 

4* J., r922, 242 t. 
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although power requirements are large it is still the, cheapest 
known method fcr the synthetic manufacture of nitirc ,acid. At 
Notodden plant is now installed to utilise 45,000 kilowatts, and at 
Rjiikan furnaces employing 200,000 kw. have been erected, this 
\^n(‘rgy being derived from water power. At Rjukan II. a 15,000 
kw. steam-operated set has been erected to utilise waste steam 
])i()duc(^d by the boilers, which are adapted to act as coolerspfor 
yrocess gases which leave the furnaces at about 1000° C. In 
tlie iuv. process only about 2% of the electrical energy is actually 
absoihed in the initial oxidation of nitrogen, and the concentration 
of nitric oxide in the gases leaving the furnaces is only 
Suggestions for improving the yields have been along the lines of 
enriching the air with oxygen up to a 50% content in a closed 
(uicuit, the product being removed as liquid nitrogen jxwoxide 
hy cooling, instead of by the method of absorption towers. Experi- 
Jiicnis led to considerable increase of output under certain con- 
ditions, y(d serious difficulties were encountered and several explos- 
ions have occurred at works in Switzerland and Germany where 
Ihis was being tried. The nitric acid works oil the Birkeland-Eyde 
system erected during the war in France are now closed for the 
])ower to be used for railway electrification, as originally intended. 

Synthetic Ammonia Process. 

The synthetic ammonia process originally worked out by Haoer 
and Ids colleagues and installed by the Badische Co. as Oppau 
and later at Merseberg, is not to-day the only process for the 
syntlu‘sis of ammonia from its elements, as shown in the table 
on page 108. • 

The original German process operated at pressures of 200 atmos- 
pheres, but to-day, pressures up to 1000 atmospheres, or about 
7 tons to the square inch, are utilised as in the Claude^® process. 
The plant at Shefifeld, Alabama, is now closed down ; at this 
works activated sodamide was used as a catalyst material, but 
this was difficult to prepare in bulk, and though its activity was 
fidrly high at first, it was permanently destroyed even by small 
(puintitics of water vapour. Claude is now using a new form of 
catalyst tube made in Sheffield, of a new material having remarkable 
pfoporties at high temperatures, and which^ promises to give a 
safe indi^strial life much longer than anything previously attained. 
Where|is in the Badische process the cost of preparing the hydrogen 
used amounts to 66 — 70% of that of the ammonia produced, 
Claude is devoting attention to the production of cheap hydrogen 
from the gases from the coke ovens at Bethune. In the Casale 
process as now runnLig at Terni, nec^r Rome, hydrogen is obtained 

J., 1921, 420e. 
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eloctrolytically from large cells operated by power from yatcrfalls 
near by ; some oi this hydrogen is burnt in air to give tl^c desired 
mixture? of hydrogen and nitrogen, and further* sittention is being 
given to the bulk generation of electrolytic hydrogen. 

Cyanamide Process. 

This process, though stated by many authorities to be obsolete, 
had at the end of the war an aggregate capacity in tons of nitrogen 
greater than that of any other process. The largest plant in the 
woT’ld, that erected during 1918, to produce 200,000 tons annually, 
at Muscle Shoals, U.S.A., is idle, and no forecast as to its fifflire 
(ian be made, but plans are on foot for doubling the plant qf Frank 
and Caro, at Presteritz. An American company is now manu- 
fficturing from cyanamide a mixed fertiliser in the ft^m of mtmo- 
arumoiiium phosphate, but this would appear to be too costly for 
manj applications. Independent investigators in Sweden and 
Switzerland have succeeded in working out processes whereby, 
by the action of carbon dioxide, free (;yanamide is first formed 
from the calcium salt and subsequently transformed to urea. 
In the Swiss form of the process excess of sulphuric acid employed - 
in the second stage is utilised in action upon phosphate rock, when 
a neutral fertiliser termed “ Phosphazote ” is produced, having 
its nitrogen in the form of urea. The proportions of the (sonstituents 
can be varied within limits, but as usually produced, the product 
contains about 11 — 12% of nitrogen as urea and about the same 
percentage of phosphoric anhydride. 

Cyanide Process. 

Experiments are still being continued in this country, and in 
America cyanide is being made on a considerable scale from 
cyanamide as a source of hydrocyanic acid for plant fumigation. 
The (;osts of producing cyanide by existing methods are said to 
be excessive and further research is required into the reactions 
involved in the preparation of sodium cyanide. 

In the report of the British Sulphate of Ammonia Federation^® 
it is stated that Germany was consuming 320,000 tons of nitrogen 
annually, for agricultural purposes, or about TO-S lb. per acre, as 
against 2-0 lb. in Franco and 4-5 lb. in England. These three 
countries together consume some 404,300 tons of nitrogen, and it 
was pointJed out that there was considerable scope for increase in 
consumption in the two latter countries. 

The real cause'of th,e Oppau explosion is still shrouded in mystery, 
although an exliaustive enquiry was held by a Parliamentary 

J., 1922, 614k. 
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committee, and much expert evidence was called.*^ The Prussian 
Minister of Trade has issued a notice®^ stating that a mixture of 
equal parts of ammonium nitrate and sulphate can be exploded 
by moans of a picric acid primer with a very strong initial detonation, 
and blasting is to be avoided in the case of fertilisers containing 
ammonium nitrate wherever possible. A preliminaiy communica- 
tion by A. Findlay and C. Rosebourne^'* on the decomposition 
arid stabilisation of ammonium nitrate in the presence of . an 
oxidisable material, such as starch or woodrneal, indicates that 
the addition of carbamide (urea) in relatively small amounts to 
t^e mixture has a considerable stabilising effect. 

Synthesis of Ammonia. 

Various patents for improvements in the Claude process have 
appeared, including suggestions for suitable control of the tempera- 
ture of the reacting gases, for cheeking bmsting of the reaction 
tubes by immersion of the tubes in kieselguhr,^^ for utilising gases 
from coal distillation plant and water gas produced by acting 
on the hot coke v'ith superheated steam,^® also for employing 
part of the hydrogen, after separation by a solution method, with 
air in a gas engine to obtain the necessary nitrogen-hydrogen 
mixture for the reaction. A catalytic mateisiur'*’ made from ferrous 
oxide and molten iron by directing a jet of oxygen into the molten 
mass in a magnesia crucible, gives good results, buj) has a life of only 
10-15 hrs. ; the addition of ^10% of lime and a small proportion 
of alkali oxide to the melt produces a material lasting some hundreds 
of hours and giving a 40-50% conversion. By cooling coke-oven 
gas, freed from constituents other than hydrogen, ijiethane, nitrogen, 
and carbon monoxide, it is claimed that hydrogen suitable for 
ammonia synthesis can be prepared^® ; the cooling is effected 
gradually in three stages between -160° C. and -210° C., no freezing 
occu’ring owing to the miscibility of the liquids. 

Nitric Acid Synthesis by Oaseotis Explosions. 

F. Hilusser^® contrasts the explosion process with the cyanamido 
process, arc process, and synthesis of ammonia, and starting from 
a theoretical basis describes laboratory experiments and the 
working of a large-gcale plant. Experiments were carried out on 

1922, 461e. 
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compressed mixtures of air. with coal* gas, and air with^ carbon 
monoxide, in the irst place in a small bomb of 552 c.c. capacity, 
and latef in one of 1651 c.c. caj^city, changes ifi^the equilibrium 
mixture being avoided by quickly cooling the gases with a water 
spray. These experiments showed that yields increase with 
the size of the bomb, the larger unit giving yields 90-120% above 
the theoretical. On passing to works scale experiments the wa^r 
spmy was abandoned on account of severe corrosion, and the 
gases were cooled by expansion immediately a*fter the explosion, 
the exhaust gases being swept out of the bomb by means of air, 
as any residual exhaust gases remaming in the bomb lower Jbe 
temperature of the explosion with reduction of yield. The first 
experimental plant contained a bomb of 100 litres capacity and 
worked on coal gas and air, giving an exhaust gas^ containing 
S- 9 grams of nitric acid per cb. metre. Yields decreased if com- 
bustion was incomplete, the carbon monoxide presumably reducing 
the nitric oxide. Coke-oven gas taken after the benzol plant, 
tliai is, with the usual by-products removed, was freed from sulphur 
by ch^aning boxes, passed through a meter to^a small gas-holder, 
and thence forced into the gas chamber by the compressor. The 
air was forced into the air vessel, and thence to the bombs after 
being preheated to 300° 0. by a superheater coil heated by the 
exhaust gases. The gas and air were compressed to 5-5-6-0 kg. 
p(^r sq. cm., and after the explosion the bomb was scavenged 
with air at 0-75 kg. per sq. cm., which passes to a separate vessel. 
A Linde oxygen plant was tried for enrichment, but was found 
unnexjessary and the process simplified, as the nitric oxide content 
of the exbau.st ga^es was sufficient to give a suitable strength acid 
on absorption hi suitable towers. Mixing of the gases took place 
on entering the bombs, which were provided with specially designed 
inlet valves. Back pressure valves were provided to prevent an 
excess of air and gas, entering the pressure vessel, and avoid any 
danger of mixing taking place outside the bombs, and a lead mem- 
brane ensured safety in case of pre-ignition, which must be avoided 
in the inlet tubes. The usual Bosch ignition was employed, and 
the exhaust valve opened about 0*15 sec. after the explosion, 
pressures up to 25 kg. per sq. cm. occurring during the explosion, 
in each bomb, of which two were of 100 litres and a later one of 
300 litres^ cajiacity, there were 44 to 45 ignitiods per minute. TJie 
exhaust gases passed through the fire-tube of a marine boiler, and 
were cooled to 250° C., only iron apparatus being used up to this 
point. Aitt'r leaving the boiler, further condensation was effected 
in alumii'ium coolers, and from thence the gases passed to alternate 
oxidation and absorption towers, the space required being calculated 
according to Bodenstein’s^® researches. Figures are given of the 
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montyy averages, which indicate ^hat results are considerably 
better, with the bomb of larger si^e, and yields of about 100 grams 
of HNO3 per c^)’ m. of coke-oven gas are claimed. 

C. J. Goodwin®’ in a paper before the British Association indicates 
that impending trials of the Hausser process in a 1200 to 1500 litre 
bomb are likely to lead to commercial yields ; modem alloys and 
ynstainable steel have assisted in overcoming corrosion difficulties, 
and the volume of the absorption towers has been redueod to 
one-sixtieth of the normal by the use of chromium-nickel -steel 
or silicon-iron towers and absorption under to 4 atmospheres 
^3ssurc, and a yield of 150 grams of HNO3 per eb. m. of coke-oven 
gas is anticipated. 


Ammonium Compounds. 

Considerable progress has been made during the year in regard 
to the production of dry neutral sulphate of ammonia for commer- 
cial purjioses, and several further patents have bee» taken out. 
J. B. Hansford®® produces a neutralised salt by the use of t^vo 
saturators ; in one, which can bo closed, the acid is only partly 
neutralised, and residual gases froip the final saturator pass through 
for absoqition of any remaining amm()ni{j? when saturation point 
is being reached there. The second or final saturator is fed from 
the contents of the first saturator, and is then neutralised by 
passing the ammonia steam from the still in the usual way, suitable 
cocks being provided so that the still gases can bo fed to one or 
both saturators as desired. A special rotating table for drying 
the salt, provided with gas burner heaters, di^livers^the salt to 
bags in an excellent condition. The South Metropolitan Gas Co. 
and P. Parrish®® patent the process of working two saturators, 
one from the free and the other from the fixed ammonia portions 
of the still, final neutralisation being effected in that from the 
fixed portion. In this way pyridine evolutions and discoloration 
of the salt are said to be avoided. A further patent®^ for producing 
ammonia liquor of suitable strength for washing the crystals is 
also taken out by the same authors. R. Lessing®® removes the 
crystals to a lagged draining vessel heated by low-pressure steam 
prior to drying in the centrifuge. D. Thickins and The Ebbw 
Vale Steel Co.®® pfi-tent a method of drying and neutralising the 
salt in a tower fitted with shelves and rotating scrapers, down 
ii^hich the salt passes, meeting an upward stream of hot air and 
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immonia gas. G. Wcyman®’ treats the salt in the centrifi^e when 
martially dried vitj;i powdered ammonium carbonate, and claims 
hat a salt containing over 25-5% JTHg can be madq without special 
trying. W. C. Holmes and Co., W. G. Adam, and C. Cooper^* 
paient a method for drying and neutralising the salt as usually 
rnad(^ by passing it through a closed inclined cylinder fitted with 
Lwin-screw worms, the cylinder being partially encased in its upper 
portion by an air jacket heated by a gas burner, through which 
iicatcd*air can be drawn into the cylinder by fan or steam injector 
draught. Ammonia gas is led into the cylinder and any excess 
withdrawn with the heated air through an acid wash before discha^ 
to the air. 

P. Parrish^® gave a valuable contribution, summarising coasting 
knowledge in regard to design and working of ammonj^cal liquor 
stills, and pointed out the necessity for due consideration to bo 
givaai to the bubbling arrangements for the steam in relation to 
vapour tension, .and vapour velocity, with a view to economy in 
Rt(‘am consumption ; he also indicated the need for more complete 
litijlisation of the waste heat leaving the saturators. Details of 
the running of an experimental plant were given, the feed-liquor 
being varied while the steam consumption remained constant, 
which pointed to the fact that, given sufficient time contact in 
the size of still and number of trays, the steam consumption can 
be made to approach a minimum for a given liquor feed ; 
experiments were also carried out to show the relative capacity 
of the still with varying strengths of feed liquor while the 
percentage of ammonia in the waste liquor was maintained at a 
constant figure, which proved that capacity increased in a fairly 
(h'tinite ratio with strength of feed-liquor. 

T. Lewis Bailey*® states that there is an increasing number of 
cases where difficulty is being experienced in the disposal of the 
AA'aste liquors from the distillation of ammoniacal liquor from gas 
or coke-oven works. Methods of disposal in general use include : 
(i.) admission to sewers under controlled conditions ; (ii.) utilisa- 
tion on the works by various means, including the pumping of 
th(‘ effluent over spoil heaps or into old colliery workings ; 
(iii.) chemical treatment and decolorisation with SO 2 gases (none 
t>f these latter processes has been of great practical value) ; 
(iv.) bacterial treatment on filter beds ; much^work was done on 
this by d, J. Fowler*! and coUoa^es, but the process as applied 
I 0 works practice has not proceeded beyond the experimental 
stage. The total volume of effluent liquor produced by a still 
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fed witji 8-oz. liquor (! '/% NHg) would be theoretically 4900 
gallons per ton of sulphate made, and 50% inarease of volume is 
suggested for coptiensod steam, linpe water, etc. H. Maclea'n Wilson 
^ gives an approximate figure of 9000 to 10,000 gallons per ton of 
sulphate as common coke-oven practice where the feed-liquor 
would probably only contain about 1% NHg. From investigations 
ctyried out on spent liquor by F. W. Skirrow^^ and by G. J.^ Fowler, 
E. Ardern, and W. T. Lockett, and by P. F. Frankland and 
H. Silvester^® it wbuld appear that the most noxious constituent 
of these spent liquors from the point of view of disposal to sewage 
WQfks was the phenol constituent, the effect on the oxygen 
absorption test being far greater by this constituent than that 
of thiricyanate. It is pointed out also that the phjpnol content 
of the so-called “ devil liquor ” is mucli higher than that of the 
ordinary spent liquor, and in certain samples some 60% of the total 
phenol content of the ammonia liquor distilled was found in the 
devil liquor. Experiments were carried out to determine the 
volatility of the phenol content when the effluent liquor was 
passed down a brick-packed tower, up which were passed hot 
boiler flue gases ; the results indicate that at suitoble temperatures 
and with the requisite amount of flue gases some 90% of the phenol 
content may be removed in this way. experimental works 
plant has been in operation at Hornsey Gas Works, and further 
plants of this type are foreshadowed. 

H. M. Lowe^'* describes a method of determining approximately 
the ammonia content of spent liquors by means of a special form 
of gas analysis pipette. Sodium hyprobromite is added to 
20c.c. of the sample and quickly shaken and^the evolved gas 
measured ; in this way determinations can bo made without 
(distillation in about five minutes. 

A communication by G. E. Foxwoll*® on the thermal dissociation 
of atamonia with special reference to coke-oven conditions dealt 
with the decomposition of ammonia in the presence of coal-gas. 
Experiments were carried out by passing the mixed gases through 
a silica tube packed with different materials, and also when the 
tubes were empty, at different temperatures. The influence of 
firebrick material, coke-ash, and chlorides, was studied, and 
various deductions were made therefrom. The velocity of 
decomposition is stated to in/?rease slowly with the rise of 
temperature ; iron,' especially in the brickwork, is said to be 
v€yy deleterious, while the presence of salt appears to retard the 
rate of decomposition. 
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Ox:iDATV>N OF Ammonia. 

C. S. Piggot^* fives details the preparation of mapganese 
catalysts,* and states that over 90% efficiency can bo obtained at 
800° C. with a mixture of finely-divided manganese dioxide with 
40% of copper oxide^ 

C. S. Tmison and W. KusselP’ gave valuable details of the 
practical application of the oxidation of ammonia to the supj^y 
of •nitrogen oxides for chamber acid plants. The reaction 
(i ) 4 >iH 3 h502^4N0+6H.^0 is the one aimed at, though with 
deficiency of air the reaction may take the form (ii.) 4NHj-|~302== 
2No f bHoO ; for the first reaction about 6 vols. of air per 
of NHg is required theoretically, but in actual practice such a 
ratio leads to loss of ammonia as nitrogen as in the second equation, 
and a. proportion of 9 vols. of air to 1 of ammonia givis the best 
results. Oxidation begins with platinum at about 650° C., and a 
10% ummonia mixture will theoretically yield a temperature 
below 700° C., according to equation (i.), and over 900° C., according 
t > equation (ii.), consequently it is usual to sacrifice efficiency to a 
slight degree in order to maintain the temperature at a point where 
the catalyst works best. The history of the process was discussed, 
and data given of the experimental difficulties encountered since 
1916, when the process was first tried commercially in this country. 
A full description was given of the type of plant now found to be 
most suitable. Commercially pure 25% ammonia liquor from 
(!ok(^ or gas works has been used as the source of ammonia ; this 
is distilled in a simple form of coke-packed still, the liquor being 
introduced one-third of the way down the still, the space above 
this illicit b(4ng tp some extent a dcphlegmator to prevent too 
much moisture passing forward with the ammonia. Air is admitted 
l)(‘low a perforated plate one-third from the bottom of the still, 
this ])late carrying the packing, and the still is provided with dry 
and live steam. It v^as found that small quantities of sulphides 
up to 0*034% (NH 4 ) 2 S or traces of pyridine had no serious effect 
in poisoning the catalyst, and the original soda wash for the mixed 
gas(\s was cut out. The gases from the still pass through a glass 
wool filter contained in a lead box and are conveyed by lead pipes 
right up to the converter. The chief troubles experienced in 
poisoning of the catalyst were found to be due to dust or rust 
carried f coward on to the gauze,, and convertors were eventually 
made of enamelled iron and placed so that the platinum gauze 
was vertical, and later an enamelled iron heat interchanger was 
attached t5 the converter so as to raise the temperature of reaction 
and thereby increase the rate of conversion on the gauze. Accurate 
regulation of the amm,onia and air supply is the chief requirement 
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of the process, and a simple method of testing the ammonia liquor 
feed to the still was devised, by timing the filling of a sight vessel, 
the air-regulatiq^ valve being coptrolled by manometer j'eadings ; 
these two measurements were correlated on a chart for a given 
desired strength of gas. This simple arrangement enables the man 
in charge of the sulphuric acid plant to increase or decrease the 
nitre to the acid plant at will, without interfering with the efficiency 
oi the tcatalyst. By preheating the gases to 300” C. it has bpen 
possible to increase the capacity of a 6 in. X 4 in. gauze* to at 
least the equivalent of .Wewd. of nitrate of soda per week, and 
maintain a 93^0 efficiency of conversion. Loss of platinum on 
the converter is given as 0-002 to 0-004 oz. troy per ton of 100% 
nitric acid produced. Figures were given for capital and working 
costs, {ind it was claimed that a saving had been effected as com- 
pared with tlie former nitre-pot process f)f nitration. The working 
of plant for the manufacture of nitric acid was also described on 
similar lines, and the advantage of absorption of the final gases 
in concentrated sulphuric acid was pointed out, also the method 
of recovery of a high strength nitric acid by means of addition 
of concentrated sulphuric acid and distillation of the nitric acid 
from denitration towers. This contribution marks a decided step 
forward in the application of ammonia oxsidation to the heavy 
chemical industry, and the authors are to be congratulated on the 
clarity and detail with wliich they have treated the subject. 

E. Lecarriere*® notes the serious poisoning effect of small traces 
of hydrogen phosphide on the platinum catalyst, and states that 
impurities of only 0-00002% reduce the oxidation by nearly 30%. 
The catalyst is stated to revivf^ after the impurity is removed, but 
regeneration is slower the greater the amount of impurity originally 
present. 

H. A. Curtis^’ states that an alloy of 1% iridium with platinum 
was found to bo as efficient a catalyst as pure platinum, and that 
the highest efficiencies (over 90%) were obtained with gauze tem- 
peratures of 800 ”-880° C., but this cannot be maintained without 
auxiliary electrical heating unless heat interchangers are adopted. 

Nitric Acid. 

A communication by J. A. Hall, A. Jacques, and M. S. Leslie®® 
on-' the working of absorption towers for nitric acid condensation 
Wj^s published. The rate of flow of the nitrous gases and the 
condensing liquors was studied, and also the effect of addition of 
air, and from the experimental work mathematical calculations 
%^ere deduced to express the amounts of absorption and oxidation 

** Comptes rend., 1922, 174. 460 ; J., 1922, 214a. , 

* Chem, and Met. Eng., 1922, 87, 699 ; J., 1922, 896a. 
c. W J., 1922, 285 t. 
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taking place under given ccaiditions of velocity and conc€jp,tration 
of the gases, and »f flow and concentration of the absorbing fluid. 
From thbse calculations were deduced the optimfi^n ratio between 
absorption and oxidation spaces under such conditions, and indica- 
tions were given as to how the deductions arrived at might be 
utilised in designing sets of absorption towers. 

A further publication by the Ministry of Munitions and Depa]jt“ 
mtmt of Scientific and Industrial Research in No. 7 of the Technical 
Records of Explosives Supply, 1915-1918^^ giVes full records of 
the manufacture of nitric acid at the Government factories during 
the war. This record gives an excellent summary of large-sc^do 
nitric acid manufacture from nitre and sulphuric acid and is a 
valuable contribution to the technical literature on the sulj^ect. 

Acid Mixing. 

Valuable data have been published during the year in connexion 
with the mixing of nitric and sulphuric acids for explosives manu- 
facture'. In No. 4 of the Technical Records of Explosives Supply®* 

.record is given of acid mixings, chiefly in coimexion with TNT 
manufacture. The record is divided into three sections ; (1) Acid 
cycles, acid balances, and control of plant output ; (2) TTie position 
of acid-mixing plant in the acid cycle and procedure adopted in 
mixing ; (3) Plant and process for acid mixing. The strength of 
spent acid and procedure followed in working off weak nitric acid 
are also dealt with ; and acid mixes, acid dopes, and practical 
methods of calculation regarding the same are discussed. 

J. W. McDavid®® contributed data on the heat developed in 
mixing various strengths of nitric and sulphuric acids, and produced 
curves from* whiol? the heat generated in the production of mixed 
acids for explosives manufacture can bo readily calculated. The 
same author®^ gave a rapid and accurate method for the cali- 
bration of storage t^-nks. The method is dependent on the 
principle that water, flowing through a tube or orifice under a 
constant head, gives a constant rate of flow. A simple form of 
portable calibrator was designed which could be fitted readily 
over any tank, and coupled to a water supply by means of hose- 
pipe, and gave results correct to within 0‘()2%. This is an ingenious 
aud simple apparatus which should prove of great use in the correct 
calibration of storage tanks and which is quite j^ridependent of thp 
sb ipe of tile tank. 

W. H Patterson®® discusses the various methods of testing mixed 
acid, and states that total acid can be most readily determined 

J., 1S>22, 429r. 

J., 1922. 86r. • 

1922, 246t.* 

1922, 295t. 

J. 1922, 496ji. 

H 
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by dir»ict titration with caustic soda. For determination of 
nitrous acid content the permanganate methqd is recommended 
for fresh acids o'* waste acids containing organic matter not readily 
oxidisable by permanganate, such as from FNT manufacture ; 
but for waste acid from picric acid manufacture containing oxaiic 
acid, the following method is recommended : the sample is added 
t(D, a strong solution of potassium citrate in a Lunge nitrometer, 
and a • concentrated solution of potassium ferrocyanide addfjd ; 
from the nitric oxide evolved, the amount of nitrous acid is* calcu- 
lated. It is stated that this method tends to give low results. 
The determination of the total nitrogen acids (i.) by the nitrometer 
method, and (ii.) by reduction to nitric oxide by ferrous ehloride 
in acid solution, as well as the direct titration of nitric acid with 
ferrous sul^ihate, are discussed. 

Antimony Sulphide. 

A. Short and F. H. Sharpe‘S* carried out an investigation into the 
composition of golden sulphide of antimony as used in* the rubber 
industry, the results of which indicated, according to the authors, 
that, whilst the presence of antimony penta sulphide was not 
precluded, the material probably contains no higher sulphide 
than tctrasulphide, which may be looked upon as either the 
antimony salt of thio-antimonic acid or as Sb 2 S 3 ,Sb 2 S 5 . It 
was also indicated that the sulphur extractable by carbon bisulphide 
was available for vulcanisation. 

D. F, Twiss” disagrees with the above authors and refers to 
Klenker’s work in 1899, pointing out that las experiments proved 
that the slow separation of sulphur from antin ony pc'utasulphide 
began at 85° — 90° C. and that even boiling water caused a liberation 
of sulphur, and suggests that products of intermediate composition 
are but mixtures or solid solutions of different proportions of 
Sb 2 S 3 and Sb 2 S 5 . 


Hydrochlokic Acid. 

B, Neumann®® states that complete reduction of chlorine to 
hydrochloric acid, giving a product free from chlorine, is impossible 
by explosion methods, or by that of Hoppe, but is effected by 
passing the gas pjixture at low velocity over quartz at 380° C. 
If the quartz is impregnated with magnesium chloric^, calcium 
chloride, or aluminium chloride, the temperatures are reduced 
io 300°, 305°, or 350° C. respectively. The addition of 1 mol, 
of water- vapour for each mol. of HCl is necessary and dilution with 
oxygen has no ill effect. 

J., 1922, 109t, 

« J., 1922, 171t. 

6* Z. anqm . Chem ., 1921, 34, 013 ; J., 19^2, 65a. 
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A patent for a modification of the Hargreaves profess was 
taken out by T. Gk)dschmidt®® ^ which the salt^s charge^ into an 
unobstrflcted shaft, passing a b®ll contrivance, n«)eting a counter- 
current of sulphurous acid, steam, and oxygen introduced through 
iff ring of nozzles situated above the space where the finished 
sulphate is removed. The hydrochloric acid is drawn off through 
a ring of nozzles situated at the top of the apparatus by me»ns 
of<i fan and condensed in the usual manner. • 

Industrial Hydrogen. 

A monograph by H. S. Taylor®® on the above was published 
by the American Chemical Society, and in reviewing this P. L. 
Teed gives a useful summary of the efficiencies and composition 
of tlu^ gases as produced by the four main processes in use to-day — 
namely, electrolysis, reduction of steam by iron (Mcsserschmitt 
j)lant), water-gas liquefaction (Linde), water-gas (catalytic), and 
indicates that where electricity can be generated from water-power, 
'‘lectrolysis is likely to prove the most efficient 

Potassium an.d Sodium Salts. 

The production of potash in the United States for 1920®^ is given 
as l(i(i,834 tons of crude material averaging 28*8% K 2 O, repre- 
senting 48,077 tons KgO, of which 78% was produced from natural 
brines ; imports of potash materials were 982,262 tons containing 
224,792 tons KgO, of .which 88% was used for fertiliser purposes. 
Apjiroximately 50% of the imported potash came from Cermany 
and 23% irom I'Tance. 

Considerable developments in the manufacture of caustic soda 
along electrochemical lines have taken place in Italy,** The 
difficulties of obtaining fuel during the war, and high prices since 
the war, have given ^n impetus to the development of electricity 
from water-power ; the development of the production of electro- 
lytic; alkali has followed. At first difficulties were experienced in 
disposing of the surplus chlorine, but these are now being 
ovcjcomo by utilisation of the chlorine for the manufacture of 
bleaching powder, synthetic hydrochloric acid (for which purpose 
hydrogen from the batteries is also utilised), sodium hypochlorite, 
aj'd zinc ‘^chloride, and latterly the production of pure cellulo*se 
by the Cataldi process. The Cataldi process consists essentially 
of tin; tref\tment of hemp fibre or other raw material as in Cross 
and Bevan^b analytical method of estimating cellulose, adapted 

'■•E.P. I,'i0,962 ; J., 1922, 57 a. 

J., 1922, 168jt. 

J., 1922, 8b. 

** J ., 1922, 498b. 

h2 
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for industrial purposes. A further ^possible outlet for surplus 
chlorine^ is foresjiadowed in the use of B 5 mthetic hydrochloric 
acid for the decomposition of the volcanic rocks which are so 
abundant in Italy and represent the richest and largest sotirce of 
potassium compounds known. It has been found that finely- 
divided Icucite is readily attacked in the cold by hydrochloric 
aoid, giving a solution of potassium and aluminium chlorides 
from wiiich crystals containing over 99% KCl can be obtaint'd ; 
semi-industrial experiments are being worked, and it a*ppears 
probable that considerable development of this source of potash 
mny take place. 

» Glucina. 

A commtnication by H. T. S. Britton®'* deals with the extraction 
of glucina from beryl, and the liquid phase relationships of the 
sulphates of potash, aluminium, and glueinum were studied. 

Radium. 

A useful process* for the recovery of radium from substances 
such as decayed luminous paint etc.," has beeh worked out by 
A. G. Francis.®® The various scrap matOTials are first roasted, 
and from the roasted mass scraps of mefals such as nails and 
screws are removed, the mass is then digested successively with 
sulphuric, hydrochloric, and hydrofluoric acids, and lead sulphate 
removed by digestion with 30% ammonium acetate solution. The 
filtrates are treated with barium chloride and dilute sulphuric 
acid to precipitate traces of dissolved radium sulphate. The 
radium sulphate and radium barium sulphates abe then converted 
into chlorides by fusion with alkali and treatment with dilute 
hydrochloric acid. Concentration of the radium is proceeded 
with by fractional crystallisation, and it was found that better 
concentration results were achieved from* the bromides than 
from the chlorides. Figures are given of actual recoveries made 
and it is stated that some 260 mg. of radium has been recovered 
by the process with a loss of less than 1% during recovery. 

SiLicious Substances and Silicates. 

'H. Spence and I. P. Lewellyiii®® patent a method of tproducing 
a silicious. residue which, when dried and calcined, has certain.* 
Absorptive and useful properties. The residue is produced during 
the treatment of certain shales or fireclay for the ex'traction of 
^alumina with sulphuric acid and contains carbonaceous matter; 

J., 1922, 349t. 

J.. 1922, 94t. 

« E.P. 173,799 ; J ,, 1922, 174a. 
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the carbonaceous contents, are buml o& by slow combustion 

in heaps or kil:i% • , r • 

K. Futness®® deals with the uj^ of sodium silicate as an adhesive, 
and points out the advantage of silicate over other adhesives, in 
that it is immune from bacterial activity, and can be made to 
witlistand any particular conditions of temperature and humidity. 
Th(i sodium silicate of commerce may be considered to be a colloi^jal 
sokition of silica in NasOjSiOz or Na20,2Si02 (or both). By 
A aryiiig the proportions of silica to soda content it is claimed that 
an adhesive can be made suitable to meet all requirements as to 
Viscosity, stickiness, or setting time, and, when used, has the gi;*iat 
added advantage of rendering the materials damp-proof and fire- 
resisting. Silicate adhesives are mainly used in connexion with 
Avood and paper materials, and details are given of ii|i use in the 
inanuiacture of built-up paper-board, box-board, etc. 


Sulphuric Acid. 

In the report for last year attention was drawn to the fact that 
u\ the United States sulphur largely replaced pyrites as a raw 
mat(‘rial for the manufacture of sulphuric acid during the years 
1914 to 1918; acid produced from Spanish pyrites had fallen 
from 50% of the total in 1914 to as low as 7-6% in 1918. Interesting 
statistics relating to the world’s production and consumption of 
pyi’it('s and sulplnir are given in a pamj)hlet issued by the Imperial 
Mineral Resources Bureau,®’ and figures given for the years 1914, 
1917 and 1918 for the United Kingdom, as follows 


United Kingdom. 


Year. 

- *- i • ' 

Acid made 
(100% 
HgSOJ. 
Long tons. 

Percentage made from 

Pyrites. 

Spent 

oxide. 

Sulphur. 

Zinc and 
copper 
fumes. 

Imported. 

Domestic. 

1914 

1,082,000 

88-5 

0-45 

10-6 

0-3 

0-15 

1917 

e 1,382,000 

79-9 

0;7 

11-0 * 

8-1 

0-30 

19i:i 

1,130,000 

79*4 

10 

11-2 

7-4 

0-40 


It should be noted that the increased use of sulphur in the two 
latter years was \aaii\ly due to the operation of the Government 


J.. 1922, 381ii. 
1922, 177 b. 
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Grillo plants designed to bum sulphur only, and not to any material 
change in trade usage in this country. < 

The question es to whether sulphur will largely replace pyrites 
in other countries than the United States is mainly an economic 
one, but a notable increase in the consumption of sulphur in this 
country has taken place during this past year, as the following 
aji^roximate figures for the past few years will show : — 


Raw malerialfi consu^mod for acid manufacture in the United Kin^dont. 
Long ions. 


Year. 

Pyrites. 

Spent oxide. 

Sulphur. 

1919^, 

588,000 

1 

112,000 

6,700 

1920 

080,000 

139,000 

5,000 

1921 

31:1,000 

103,000 

8,000 

« 

1922 (eslimato) 

390,000 

• 



150,000 

1 26-28,00( 


Whereas during the year 1921 , most of the works for the calcina- 
tion of zinc blonde in the United Kingdom were closed down, 
these works have resumed operations during 1922 , and it is esti- 
mated that acid to the extent of some l'l, 000 - 18,000 tons of 100% 
H2SO4 will have been produced from this source during the year. 
Increase in tlie production of acid from calcination of zinc ores 
in this country has been slow, largely due to difficulties experienced 
in providing suitable mechanical calcincrs, but copsiderq^blc experi- 
mental work has been carried out, and before long results should 
indicate that difficulties are being overcome ; meanwhile improved 
results have been attained with hand calciners. 

A newly-discovered large deposit of sulphur is reported from 
Texas,®® and should be producing during the coming year, so that 
ample world supplies of this material are at present assured. 

J. W. Parkes®® gives a valuable technical record of the construc- 
tion and working of the Kynoch oleum plants during the war. 
These plants were of the Mannheim type fed by gases from pyrites 
burners, both mechanical, and of the kiln type ; full details are 
given of cooling, draughting, absorption, and conversion. Con- , 
version in this case was effected in two stages, firstly in a contact 
shaft containing burnt lump pyrites, and secondly the purified 
residual SO2 is passed through heated platinised mat8^ At the 
present time it does not seem probable that developments on the 
lines of Mannheim plant are likely to occurs the indications being 

«» J., 1922 , 79 r . 
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that, witL the perfection of, electrostatic methods for gas purifica- 
tion, future develgpments in oleum plant will be in the direction 
of singled contact conversion. , ^ 

F. I). Milos and W. Sarginson’® give data on the occurrence and 
(^4f(^ct of fluctuating combustion in the sulphur burners of the 
Grillo oleum plant at Gretna. These burners, which were of the 
flfit tray tyj>o, were charged by hand, and the authors consi(Jpr 
iiui'tuations are inevitable in either sulphur or pyrites J)urners 
vhere hand charging is practised. Conversicwi efficiencies were 
found io vary with the variations in concentration of the gases, 
and (experiments showed that a rapid increase in concentrat^n 
led to a fall in the conversion efficiency of the top layer of the contact 
mass, thus throwing an extra load on to the succeeding'dayers. 
lla])idity of catalysis increases with temperature, but^f the tom- 
pc'i ature of the top tray was increas('.d to obtain a greater conversion 
at ihat point, the whole converter became so hot that total efficien- 
eios fell away owing to the less complete conversion at the higher 
f(mi])(^ratures attained in succeeding layers. It is suggested 
th(T(dor(i that the Grillo type of converter is at a disadvantage in 
this r('S})ect as compared with types where conversion takes place 
independently in two or possibly more sections, owing to the fact 
that- the trays in the Grillo converter are thermally dependent on 
OIK' anotluT ; high temperature for speed of conversion, and lower 
tcn]p(‘rature for most complete conversion, are incompatible in 
one thermal unit. 

In No. 5 of the Technical Records of Explosives Supply, 1915- 
1018,^^ arci given very comifltde details of the operation of the oleum 
plants at the Gpvernment factories during the war. The title, 
“ Ma(iufa(;l.uro A Sulphuric Acid by the Contact Process,” is well 
nu'rited by its contents, and it is a record which should be carefully 
studied by all who are interested in the manufacture of contact 
acid. 

T. F. Banigaid^ refers to the fact that east-iron pipes and malleable 
castings, after long exposure to sulphur trioxide, frequently crack 
suddenly, although no corrosion can be detected previously. 
Although silicon carbide is unaffected by oleum, it is shown experi- 
mcj daily that amorphous silicon or silicon alloyed with iron is 
rapidly oxidised by 15% oleum, and the failures above referred to 
are probably due to oxidation of silicon particles within the castmg 
giving rise to internal strains, 

1921’, 18:tT. 

" J., 378b. 

’G/. hid, Eng. Ghem., 1922, 14 , 323 ; J., 1922, 411 a 
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GLASS. 

By Morris W. Travers, D.Sc., F.R.S. 

In estimating pi’ogrcss in scientific investigation in the glass industry, 
re&rcncc must he made to the fact that a very large amount of 
public money is being spent annually on technical research, the 
resijlts'of which are neither available for information, nor subject 
to criticisms Research on glass is being carried out by the National 
Physical Laboratory, the Department of Chemical Inspection, 
Woolwich Arsenal, the Glass Research Association, and the British 
Scientific Instrument Research Association ; and while the expendi- 
ture from the public funds cannot be less than £20,000 ]Vr annum, 
very little information is available as to the results obtained. 

The Society of Glass Technology continues to flourish, and its 
journal, under the editorship of Professor W. E. S. Turner, President 
of the Society for this year, continues to ^e the loading journal 
connected with thc industry. The three quarterly numbers which 
have been issued during 1922 show that there is ,no diminution in 
the output of scientific work from the Department of Glass Tech- 
nology in the University of Sheffield, though there appears to be a 
distinct diminution in the number of papers contributed to the 
journal from other sources. It is to be hoped ^that the interest 
taken in ^lass technology by scientific workers, and by workers in 
allied industries, is not really diminishing. The number of abstracts 
is maintained, and a study of these reveals the interesting fact 
that, so scattered is information relating to glass, the first fifty-one 
abstracts of papers on the manufacture and properties of glass an 
drawn from twenty-six different journals. This fact gives f 
measure of the value of th*ie abstracts to those interested in th( 
industry. The Journal of the American Ceramic Society, of which ? 
Glass Section was recently formed, contains very few papers con 
nected with the science and technology of glass manufacture 
Progress on the technical side of, the industry in America must b( 
estimated from the study of patent literature, and from sucl 
jofumals as the National Glass Budget, or the Glass Container. A 
vast amount of scientific work in connexion with the behaviour o: 
glasses is still, and will continue to be, carried out in the Geophysica 
Laboratory at Washington, and it is fortunate for'the industry thai 
itfe fundamental problems jire identical with thoke of geophysica 
aijd receive the attention of this institutipn. 
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l^ofessor Turner’s presicjpntial address to the Society fi Glass 
Technology consists of a survey of the history of the glass industry 
from tho earliest times down toVthc present day. , Opening with a 
critical discussion on modern discoveries bearing on the early 
lustory of glass-making in this country, he proceeds to trace the 
development, and often tlie decline, of glass-making in various 
ec'ntres. Glass-making appears to have been established as ^n 
iiKjustry in this country late in the sixteenth century, and at the 
(Mul v>f"thc seventeenth century there were as nfttny as eighty-eight 
glass-houses in England. Then followed a period of stagnation ; 
hut between the years 1833 and 1874 the industry, in spite of ex^se 
r(‘strictions, shared in the general industrial prosperity, and tho 
number of glass houses in the United Kingdom increased from 
1 20 to 240. Then followed a decline. Professor Turnjpr’s account 
of thc‘ operation and effects of the excise regulations is most instruc- 
tive ; and it seems almost incredible that the industry could have 
survived at all under regulations which compelled the manufacturer 
1() till his pots under the eye of an inspector, and to anneal the 
glass in locked kilns. The repeal of the duties in 1845, which re- 
li(‘ved the industries of taxation amounting to £845,000, and of 
intoU‘rable control, gave a great impetus to development, which 
reached a climax in 1874. 

1’lie paper contains statistical tables relating to imports, exports, 
etc. Pealing with the fifteen years prior to the war, the value of 
tlu5 imports appears to have remained almost constant, while the 
(‘X])orts increased from £885,000 to £1,814,000. At the same time 
th(‘ number of factories at work, and of men employed in the 
industry, showed some slight diminution. Allowing for improved 
methods of production, it is probable that the output did not 
materially increase or decrease during the period, and that the 
incr(^ased value of the exports represents in part increase in prices, 
and in part a shifting of the industry from home to export trade. 
It is clear, however, that tho industry was not developing, or 
modifying its methods to meet the demands for new types of goods, 
which were being sent in from abroad. As Professor Turner shows, 
mony new ideas, such as that of producing bottles by machinery, 
had their origin in British glass houses, but were actually develop^ 
and applied to large-scale production by American enffineers. 

The Nature of Glass. 

The formation of glasses involves the freezing of equilibria, 
cstablisheil ;.t temperatures at which they are more or less mobile, 
MO that in glasses at ordinary temperatures we have systems the 
nature of v/hich may be materially dependent on their previous 
Insiory. As a mass of glass cools, a temperature gradient, and 
therefore a density gradiqqt is established in it, and when the fhass 
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is at uniform temperature stresses are#set up in it, the magnitude 
and character of which ilepend upon the steepness of the tempera- 
ture gradient dpring cooling, aiv^ the form of the ma'ss. The 
problems relating to glass are complicated by the fact that there is 
great difficulty in sc(;urmg homogeneity in melts. ♦ 

We have no definite knowledge indicating whether glass is a 
hf^rnogeneous solution, or of the nature of a colloid, but we do know 
from rojcnt researches that the transition from the mobile to the 
rigid condition is n6t a continuous one, though the transitioif is not 
sharp, as in the cast' of that between crystalline solids and liquids. 
Ld)edeff' suggests that the abnormal expansion of glasses below 
their softening point is connected with the a- ^-quartz 
changd, which also tak(‘s place a little below 600° C. This is 
probably coincid('nce, since abnormal expansion below the 
softening ])()int is a property of boric oxide glass, of the glasses of 
organic substances, an(l possibly of gels. Information as to the 
nature of glass will probably result from the researches on the 
stress-optical phenomena, such as are now being carrfl'd out by 
Filon, Adams and ^illiamson, Twyman, and others. 

Information as to the relationship between the physical and 
chemical projierties of glasses and i;heir^ chemical composition is of 
immediate importance to th(‘ practical glass manufacturer, and will 
ultimat(‘ly b(‘ of use to scientific investigators, though it is too much 
to expect that simple relationships between properties will be 
found to be of wide application. However, the application of 
additive formulaj to groups of glasses is useful. In this connexion 
S. English and W. E. S. Turner^ have continued their researches on 
the relation between cornpo.sition and density, investigating the 
soda-lime- magnesia glasses. 

Annealing. 

Few references to annealing problems appear in the literature 
issued during the year. F. Twyman, who first attacked the 
problem of scientific annealing of glassware, has designed an appar- 
atus for controlling the process of annealing without the use of a 
pyrometer.^ In this instrument a rod of the glass to be annealed 
is subjected to a definite stress and the instrument itself is placed in 
the lehr amongst tl\e goods to be annealed. The tilting of a pointer 
irtdicates when the original stress has fallen to a defijiite lower 
value, so that the interval between placing the instrument in the 
Uhl and the moment at which the pointer begins to tilt, measures 
the time required for stresses in the glass to fall to a certain fraction 
of the initial stress, or the time of relaxation of the stress, whicl 

1 Trans. Opt. Soc. Petrograd, 1921, 2, No. 10. 

2 J. Soc. Glass 1922*6, 228. 

Ibid., 1922, 6, 46. ^ 



t GLASS. 


187 


may be assumed to be the maximum existing in the fresl^y-made 
goods, to a limit yhich may be considered negligible. This is the 
annealing time under the condi^ns of temperature which ‘actually 
prevail at the level in the lehr at which the goods are being annealed. 
Since there is always a steep temperature gradient between the top 
and bottom of a lehr, the instrument gives a more accurate indication 
as to whether proper temperature conditions prevail in it than c|^n 
a pyrometer placed in the crown. » 

E. Williamson^ contributes from the Geophysical Laboratory 
a f urtlu'r note on the application of the theory of annealing developed 
l)y Adams and himself. From the equations representing ihe 
results of experimental work previously described, the most favour- 
able conditions for annealing a given piece of glass can be deduced. 
Formula) are found vhich, used in conjunction with tables of the 
(^lasti(‘ and annealing constants of the glass, show at what tempera- 
ture to liold the glass, how long to hold it at that temperature, and 
iiow rapidly to cool it in order to get any degree of fineness of 
anm*aling in the least possible time. Examples are solved to 
illustrate the process. ^ 

ChKMICAL OllANOES DUKINO THE MeLTUSG OF GlASS. 
i’apers on the dissociation of ferric and manganic oxides in 
glass are published by J. C. Hostetter and H. S. Roberts,® and by 
E. N. Bunting.® The ratio ferric oxide-ferrous oxide depends 
upon the concentration of the iron, the composition of the glass, 
and the temperature, and some glasses lose oxygen during the fining 
j)r()C(‘ss, and re-absorb oxygen at working temperatures. This 
may account for the change in the colour and transparency of 
some optiiiil glesifes after long stirring. Similar changes take place 
in the case of manganese. Oxygen is given off in quantity as the 
glass is melted at 1400° in vacuo. It is well known that if a pot of 
glass, containing manganese, is allowed to stand for a long time 
in a semi-fluid condition, the glass tends to become pink. This 
was observed in some works during the late coal strike. 

A g('ncral discussion on the melting of glass was opened at a 
meeting of the Society of Glass Technology, on November 16th, 
11)21, and was continued on February 15th, 1922.’ A large number 
of practical and scientific questions were discussed, and those 
intcr(‘sted in the subject should read the reports of the meetings. 
In a ])aper by F. W. Adams® the* manufacture of bottles and con- 
tainers of colourless glass, using selenium, is discussed in the light 
of practical experience. 

^ .7. M’ashingion Acad, Sci.t 1922, 12, 1 ; i7., 1922, 176 a 
Geophysical laboratory, “ Optical Glass,” No. 39 ; cf. J., 1922, 100a. 

'* -7. Armr. Ccrcvn. Soc., 1922, 5, 694, 

" J. Soc, aioss Tech., 1922, 6. 

^Ihid., 1922, 6, 205. 
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New Types of<Glass. 

Refcponoe has Veen made ® to amew type of chemical glassware 
which has appeared on the British market, but information as to 
its comi^osition and properties is not available. 

The Durability ok (xLass. 

The attack of glass surfaces by water and by chemical reagents 
is a subject of perennial controversy, and the year has seen the 
publication of stiveral papers dealing with it. G. W. Morey 
dkkcusses the solubility and decomposition of complex systems 
generally, from the standpoint of the phase rule, and as a particular 
case tTlat of the system HgO — ^KgSiOa — KoO. This system has 
been studied over a range of temperature between 200° and 1000° C., 
and the results indicate that potassium silic.ate solutions have no 
stable existence at ordinary temperatures. Under these conditions 
true equilibrium in any mixture of HaO — SiOg — KgO would mean 
a solution containing a vanishingly small quantity olt silica, in 
equilibrium with a^solid crystalline phase of pure silica. Potash 
water-glass solutions which contain large amounts of colloidal 
silica bear no known relation to the solutions which would exist in 
equilibrium with crystalline phases. ^ 

This system is analogous to the complex systems consisting of 
glasses and water, in which the aqueous phase is an alkaline liquid 
containing traces of such oxides as BgOj. The material dissolved 
is the jjroduct of the decomposition of the glass, and such silica as 
is removed from the glass passes into the aqueous ph^se as colloid ; 
but under no condition does the composition of the aqueous phase 
give a measure of the solubility of the glass. The term “solubility ” 
should not be applied to the phenomenon. 

• The mechanism of the attack of glasses by water or reagents seems 
first to involve the decomposition of the silicate in the surface layers, 
with removal of the alkali, leaving a layer of silica or silicious 
material. This may suffer mechanical disintegration, passing into 
the aqueous phase, either in the colloidal condition, or in microscopic 
flakes. The rate of removal of colloidal material depends upon the 
peptising action of the solution in contact with the glass, which 
may explain the distinctive action of the same reagent in different 
coQcentrations. Tfie formation qf flakes may be due to tl^e inhomo- 
geneity of the glass itself. If the residue left after the removal of 
t^e alkali did not pass into the aqueous phase in the colloidal 
condition it would be likely to become detached in flakes. The 
attack of glassware by reagents is, then, a combination of chemical 
and mechanical processes, and it is not astonishing that attempts 

^Nature, Dec. 23, 1922. 

Geophysical Laboratory. 
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bo connect the rate of chemical attack with the chemical pijoperties 
of glasses have no\. led to definite conclusions. 

The physical properties of glasi are, as is well known, materially 
dependent upon its previous history. The nature of the surface 
dfipends upon whether the glass is newly worked and allowed to 
cool without being touched,'^ worked in the ordinary manner, 
fractured, ground or polished with various abrasives, weathered, 
or Jire-polished after previous treatment. Griffith’s experiments 
point ft) very marked differences in the nature of a thin rod of glass, 
drawn out in the flame and cooled without contact with other 
material, when its tenacity is very much greater than after it has 
been touched with the fingers. His explanation that the change 
is due to molecular rearrangement, and the development of surface 
flaws of dimensions comparable with molecular distan^*.s, appears 
to be justified. For obvious reasons the investigation of chemical 
n.tiacl> on such surfaces by water presents insuperable difficulties. 
The attack of optical glass surfaces after varying treatment has 
been th(^ subject of an investigation by the British Scientific Instru- 
ment Hcisearch Association.^^ The method of investigation involved 
the measurement of the alkalinity of the surface by a modification 
of the iodoeosin method, which was very carefully studied. The 
results are expressed in terms of iodoeosin absorbed per square 
deeimetre of surface, and the values divided by 1348 give the 
equivalents in terms of NagO liberated. Iodoeosin values were 
obtained for a series of optical glasses, under the following 
conditions : — 

Column 1. Glass fractured under iodoeosin solution. 

Column 2. Gla^s freshly fractured. 

Column 3. Weathered fracture. 

(k)lumn 4. Freshly -polished surface. 

Column 5. Polished surface weathered for seven days. 

(\)lumn 6. Polished and heated to 150° for fom* hours. 


The following results were obtained in the case of the first ten 
glasses in the list : — 


No. 

Glass. 

1. 

2. 

3. 

4. 

6. 

6. 

1 . 

Fluor Crown 

003 

003 

0-02 

0-02 

0-02 

0*03 

2 

Boro-silioato Crown 

010 

Oil 

0-07 

002 

0-03 

0-04 

3 ! 

Boro-ttUicate ^)rown 

0-08 

0-08 

0*03 • 

0-03 

0-03 

0-t)4 

4 . 

Boro^ltiUjttte Crown 

0-17 

• 0-17 

0-08 

0-02 

0*02 

0-03 

5 . 

Hard Crown 

0-18 

016 

0-07 

0-04 

0-00 

0*04 

(i . 

. Soft Crown 

0-33 

019 

0-69 

0-08 

0-26 

0-23 

7 . 

. Light Jlariuin Crown 

0-10 

014 

0-05 

003 

0-02 

0*03 

8 . 

. Medium Barium Crown. . 

012 

0-08 

0-03 

0-04 

0-04 

0-03 

9 . 

. L)en6e Barium Crown . . 

0'22 

0-21 

0-08 

0-04 

003 

003 

10 . 

. Denso Bariuln*Cro^^ ^ . . 

0-21 

019 

0-06 

0-03 

003 

003 


^ Griffith, Phil. Trans., 1920. 
“ Report, 1921. 



190 


HBPORTS OP THE PROGRESS OP APPLIED CHEMISTRY. 


Except in the case of No. 6, which* seems to be an exceptional 
glass, it may be (jpnsidered doubtful whether the results in columns 
1 and 2 represent, any real differen»3e in the properties of th'e surface 
of the glass immediately after fracture, and a few moments later. 
It is evident, however, that the result of ]3olishing is to reduce 
the iodoeosin factor for all glasses to a value which varies between 
narrow limits. The results in columns 4, 5 and (i are, with the 
exception of those relating to glasses Nos. 5 and 6, expressed as a 
single significant figure between the extreme limits 2 and \ * They 
can, therefore, only be taken as indicating the direction in which 
the properties tend to change after treatment. It would appear 
from the results that the effect of polishing is to increase the resis- 
tance 5f glasses to attack by moisture, and that, with certain excep- 
tions, polished glasses differ very little amongst themselves in 
their behaviour under the iodoeosin test. It would be interesting 
to know how far the results of this test coincide with practical 
experience as to the durability of the glasses. 

Reference may be made to th(^ observation of Prestoi?® that the 
rate of attack of polished surface by hydrofluoric acid hardly 
diminishes at all after the removal by solution of the polished 
layer.^^ 

Professor Turner and the staff of the ^(Departmeiit of Glass 
Technology at Sheffield^* are continuing their experimental investi- 
gations on the relationship between the chemical composition of 
glasses and attack by reagents. Comparing the lime-soda and 
magnesia-soda glasses, they find that on substituting lime by 
magnesia up to about 3-5 rnols. % the resistance of the glass to 
attack by hydrochloric acid is increased, buty for higher M"0 
content the lime glasses were the more resistant. Magnesia glasses 
arc generally more resistant than lime glasses to attack by water, 
and less resistant to attack by alkalis. These results have an 
important bearing on the use of magnesian limestone in the glass 
industry. 

W. L. Baillie^^ has published an important paper on the applica- 
tion of Zulkowski’s theory of the relationship between composition 
and resistance to chemical attack. In its simplest form, Zulkowski’s 
theory may be stated as follows. In glasses of the type 
mR20,nR0,xSi02, the difference mRgO — nRO represents the 
molecular excess of cither oxide^, present as a simple sij^cate, the 
oxide present in lowest molecular concentration being supposed 
tp be in combination as a double silicate of the form (R 20 ,R 0 ),ySi 02 . 
The “ solubility ” of the glass was supposed by ZulkoWski to be 
^ proportional to the numerical magnitude of the molecular excess 

** Trans. Opt. Soc., 23. 154. 

J. iSoc. OUzss Tech., 1922^6, 1/, 30. 

1922, 6,68. 
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of the simple silicate. In the case of the simple soda lim^ glasses 
those of the gene^l form KgOjROjXSiOa should ^e the most highly 
resistant to chemical attack, anol those containing,molecular excess 
of either lime or soda should be less resistant. As a matter of fact 
tile rate of chemical attack by water of simple glasses of the 
fiam mR.,0,nR0,xSit).2 increases rapidly with molecular excess of 
alkali, but not with molecular excess of lime. However, glag^es 
cojiitaining large quantities of ll"0 oxides are uncommon j and of 
little practical importance. 

Many important technical glasses contain Al .,03 or BoOg, or 
both of those oxides, which, in a general way, incr(‘ase the resistajace 
of the glasses to chemical attack, neutralising the effect of basic 
(‘\cess as defined by Zulkowski. Baillie therefore assumes that, 
v lien the sesquioxides are present, there exist in the j^ass besides 
double* and single silicates, complex silicates, which ho assumes 
to have the general form, 3 M 0 ,(B,Al).^ 03 ,x 8 i 02 , where M is equiva- 
lent of one of the bases. On this assumption he calculates from the 
eoinposition of each glass a quantity which represents the basic 
excess, and which he terms the “ reactivity coefficient.” 

Ilie jjaper contains a review and summary of the results obtained 
by a large number of workers for the rate of chemical attack on 
seri(‘s of glasses of known composition. For these Baillie calculates 
the value of the reactivity coefficient, and he finds that the order 
in which the glasses are arranged as the result of the calculations, 
is in general agreement with the results of experimental investiga- 
tions. 8mall or negative values of the reactivity coefficient are 
g(‘n(Tallv associated with highly resistant glasses, while glasses 
for which ,the ’‘^f4ue is large are unsuitable for the manufacture 
of scientific instrunients, or for similar uses. 

►Special methods of testing glasses for particular purposes are 
recommended by various authorities. Ihe methods suggested 
hy the National Phy'sical Laboratory, the Institute of Chemistry, 
I’rof. Turner of the University of Sheffield, the American 
Bureau of Standards, and I)r. Peddle, of the Derby Crown Glass 
Company, and others have already been published. The British 
^^cic ntific Instrument Research Association (loc. cit.) have developed 
and improved the well known iodoeosin test for the alkalinity of 
glassware. ^ 

W. E. Cj. Turner reviews at ^ome length the methods which 
have been applied to the testing of scientific and utility glassware, 
falling attejffion to the fact that each investigator has, as a rule, 
used one method only, and that the results obtained by different 
observers are nerfi comparable, though Peddle’s qualitative tests 
of the degree of .attack of polished glass surfaces exposed to the 


1922 , 6 , 30 . 
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atmospfiere agreed with the results obtained by treating the pow- 
dered glasses wit^ water. Ho considers that in the case of chemical 
apparatus the test should be carried out on a piece of glass cut 
from the apparatus, which would eliminate the difficulty' arising 
from attempts to compare results obtained, for example, with 
large and small flasks or beakers. As an alternative he proposes 
te. 9 ting glasses in the form of powder, sieved between limits, and 
suspended in a platinum basket. 

W. L. Baillie and F. E. Wilson advocate the use of the autoclave 
test as a general method for determining the suitability of glass for 
th? manufacture of instruments. While applicable to the more 
resistant glasses it seems too drastic for application to the softer 
glasses, which are used for the manufacture of delicate apparatus. 
Special mdahods for the testing of utility glassware are suggested 
by several authors, and reference to the papers will be found in the 
Abstracts of the Society of Glass Technology. 

At a meeting of the Society of Glass Technology, helc^ in London 
on December 13th, the testing of glassware form(?d the subject of a 
general discussion. The discussion was introduced by papers 
read by W. L. Baillie, by W. H. Withey^ (National Physical Labora- 
tory), and by W. E. S. Turner. Baillie emphasised the importance 
of using a single reagent for testing glasswst*e, and stated that his 
experiments led to the conclusion that the action of steam alone 
in the autoclave gave a reliable indication of the durabihty of a 
glass. The measure of durability was the alkali set free under 
specified conditions, and it was only necessary to define the duration 
of the test, the pressure to be maintained in the autoclave, and the 
limiting amount of alkali per unit of surface, in excess of which a 
glass could not be considered suitable for a particular purpose. 

Withey admitted that the autoclave tests for such articles as 
water gauge tubes was open to no objection. Experiments carried 
out at the National Physical Laboratory showed, however, that 
in the case of resistance glasses, in which it was necessary to use a 
high pressure in the autoclave, and to subject the glass to conditions 
which must be fixed arbitrarily, and which had no relation to 
laboratory practice, misleading results were often obtained. From 
these experiments it appeared that the autoclave test was only 
reliable when applied at different pressures, and for short intervals 
of 'time. This introduced corapKcations, and made it difficult to 
interpret the results obtained with a series of glasses, and to classify 
them in the order of their durability. The conclusion arrived at 
by the National Physical Laboratory appears to be entirely in 
conflict with that put forward by the Directoj^ate of Chemical 
Inspection, Woolwich. 

1922, 45t. 
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Turner thought that the autoclave test was not, in itself, a rl’iterion 
)f the durability •f a glass. He cited the case pf a glas^ of the 
•ompositlon SiO^ 70%, CaO 6-7%, Na^O 11%, K,D 5-6%, which 
vithstood the action of boiling water or steam at 100° as weU as, 

])cttcr than, most resistance glasses, but which went to pieces 
n the autoclave. He believed that if a general test were to be 
idoptcd it would be that of treating powdered glass, sieved bctwefjn 
xniaiii limits, with boiling water. 

Ill tfie discussion M. W. Travers agreed with Turner’s suggestion 
IS to a rough test for general purposes, l^’or particular purposes 
t would be necessary to subject the glass to identical treatment 
[o that which it would receive when in use. For an analytical 
Dperation, using a particular reagent for two hours, the glass might 
he tcstc^d by treating it with the same reagent, undo/ the same 
^‘onditions, for, say, eight hours. If a material quantity of the 
su])sta,nce of the glass passed into solution, the glass should be 
rejecled, or a correction made for the error introduced, if this were 
possible. An analyst would be very unwise to rely on any test 
involving the action of water on glass as indicating its resistance 
(o acids. 

It would seem that a very large amount of time and money have 
been devoted to the attempt to discover a single test for the dura- 
bility of glassware. lh*actically speaking, we do not seem to be 
near to the solution of the problem, and theory would suggest that 
it is insoluble. From the point of view of the analyst the problem 
is not, in its essentials, a very complicated one. A few forms of 
a] )paratus, particularly those used in bacteriological work, must bo 
subjected to the |ction of water and steam under slight pressure. 
There is no difficulty in specifying the conditions of a suitable test. 
Other forms of apparatus have to withstand the action of moderately 
dilute analytical reagents for a limited time. Again, tests can easily 
be ])rcscribed suited .to apparatus of widely varying dimensions. 
Finally, it may be well to specify tests for the resistance of glass and 
porcelain vessels to strong acids ; but those who would use strong 
acids in glass apparatus would be wise to make use of the special 
acid resisting glasses which are on the market, and those who use 
strongly alkaline liquids in glass apparatus must expect to find the 
cx)nstituents of the glass in their solutions. 


Optical Glass. 

During the two years previous to the year 1922, technical and 
scientific iiteratui;p was rich in papers relating to the manufacture of 
optical glass. During the past year the amount of original work 
which has been published is almost negligible, and it would appear 
that the interest in this subject, awakened by the war, is now. 
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declini%. C. J. Peddle*® publishes an account of his work in 
connexion with ^he development of the industry during the war. 
Prior to 1914 about 60% of the optical glass used in this country 
was imported from Germany. At the outbreak of w^ar only Messrs. 
Chance Bros, were actually engaged in the manufacture of optickl 
glass in Great Britain. In June, 1914, Messrs. Wood Bros, began 
tCt manufacture optical glass, and before the end of the war the 
Der})y Crown Glass Co., under the technical direction of Dr. Peddle, 
was able to place {Seventy varieties of optical glass at the service of 
instrument makers. About one hundred varieties of glass were 
made at Derby. The paper contains a summary of the work on 
the relationship between the properties and composition of glasses, 
which lias formed the subject of a series of papers in the Journal 
of the Soci(iiy of Glass Technology, and also an account of the processes 
of inciting and working optical glasses. It is to be regretted that 
Dr. Peddle is no longer connected with the glass industry. 

Gkinding ANT) Polishing. 

The Optical Society has published a series of papers which form a 
valuable contribution to our knowledge of the phenomena connected 
with the cutting, grinding, and polisfiing of glass.*® 

It has commonly been supposed that a grain of abrasive, in the 
process of grinding a brittle material, acts by cutting or pushing 
away the material w'hich obstructs its passage, either flaking out 
oonchoidal splinters, or by shearing off the tops of existing promin- 
ences. Abrasive materials n^y act in this way to a certain and 
limited extent ; but it is now shown that the removal of material 
in the main is the result of a totally different process. 

Preston’s paper opens wdth an account of an experimental 
investigation into the action of a hard surface of limited area, such 
as a needle point, a steel ball, or the curved cutting edge of a glazier’s 
diamond, upon the surface of a piece of glass. He demonstrates, 
by means of admirable illustrations, that the result is to produce 
flaws or cracks in the surface. In the case of the glazier’s diamond, 
material is actually removed at the surface as the tool advances, 
and the more so if a point instead of the curved edge bears on the 
glass. The flaws produced by pressure penetrate far below the 
bottom of the scratch, particularly when the proper edge of the 
diamond is used. ‘The production of deep flaws is mal^erial, and 
that of the visible, scratch is immaterial to the “ cutting ” of the ^ 
glass. In .the case of a rolling ball the track consists of a series of . 

»« Trans, Opt. Soc., 1921-22, 23, 103. 

^•“The Structuro of Abradod Glass Surfaces,” F. W. Preston, Trans* 
.Opt. Soc.f 28, 141 ; “ The Stress Condition surrounding a Diamond Cut in-^ 
Glass,” A. J. -Dalladay, ihid., p. ICC; “Some MeasuL’ements of Stresses^: 
produced at Surfaces of Glai^ by Grinding with Loose Abrasives,” A,,'J.| 
Oalladay, iWd., p. 170. i 
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arcuate flaws or fractures with their concave surfaces faciri^ in the 
direction from which the bal], travels. Undef heavy pressure 
the flaw's tend to curl roUnd And approach tlie surface, while 
longitudinal flaws develop parallel to the median line. 

• In these two cases the result of the action of the tool is to produce 
flaws in the glass surface, without, of necessity, removing material 
from it. When a number of tracks such as are made by a sin^e 
ste#‘l ball, or other hard surface, intersect, the flaws also intersect, 
and inaterial begins to be detached from the* surface. When a 
loos(‘ abrasive is used under an iron tool the track of every grain 
of the abrasive which is pressed between the tool and the glass is a 
series of flaws, and where the flaws which constitute separate, tracks 
iriters(‘ct suitably, material is removed. 

This theory is supported by the well-known disco/ery by F. 
Twynian, that a “greyed” surface of glass is under stress, the 
aelual surface being in compression and the glass just below the 
surface in tension. This is due to the wedging of minute particles 
( ‘f glass into the flaws produced by the abrasive. When the wedged 
j)ai‘ticles arc removed by the action of acid, Qr by polishing, the 
stri'ss disappears. The stress set up in a diamond cut is produced 
in a similar manner. 

The essential cjharacter of a surface which has been “ greyed ” 
or reduced to the limit of smoothness by a fine abrasive under a 
metal tool is that not merely does it consist of hills and hollows, 
hut that beneath those hills and hollows are flaws which extend to 
two or three times their depth downward into the glass. 

Study of the rate of attack of “ greyed ” and polished surfaces 
by hydrofluoric aq^d shows that the rate of solution of the greyed 
surface diminishes rapidly with time, while the rate of solution of 
the polished surface hardly diminishes at all. The rate of attack in 
both cases becomes ultimately identical. 

Preston attributes the polishing of glass by a fine abrasive under 
a tool covered with pitch or felt to phenomena identical with those 
already described. A fine flaw complex is first produced, which, 
in the final stage of dry polishing, is actually “ broken away by 
the loots.” At the same time a very shght molecular flowing of the 
surface (Beilby effect) results in the covering of the last traces of 
tlK‘ flaw’ complex produced in the greying process. This view is 
su|)ported,by experiments in the etching of pofished surfaces. • 


^liscHANicAL Methods of Wokking Glass. 

Numerous patents relating to improvements in the method of 
feeding glass to ipachuies for the formation of bottles etc. have 
been published during the year, but none of them involves any pew 
principle, nor can thev be*described without reference to diagrams! 

n2 
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Abstra-b^ of patent specifications, with diagrams, are puDlisnea 
in the Journal of JM Society of Glass T ethnology ^ 

Mechanical methods of drawing sheet glass have, during the 
past few years, been successfully operated by the Libby-Owens 
process in America and by the Fourcault process in Belgium, and a 
large factory for the operation of the latter^ process has recently 
b(*en constructed in this country. In the Fourcault process the 
glass while in the plastic condition does not pass over rollers, < or 
come into contact \<ith any other surface, so that, when it is success- 
fully operated, a very beautiful finish is obtained, which is said to be 
equal to that of polished plate. Patent literature indicates that 
inventors are busy attempting to develop other methods of manu- 
facturing sheet glass mechanically. J. Cox describes a method of 
feeding glaV^s between rollers which are heated to 900°, and which, 
in consequence, become covered with a layer of glass. J. P. Crowley 
and others describe a method in which the molten glass is fed 
between rollers coated with a layer of molten lead or tin to prevent 
the adhesion of the glass. As to whether these method! have been 
tested is unknown.^ 

The mechanical production of glass tubing is also a matter of 
considerable interest to inventory. Philips’ Gloeilampenfabriek 
(Holland describes a process which diffys only from the well- 
known Libby-Owens process in that the molten glass is fed on to 
the inside instead of on to the outside of a revolving cone. The 
Libby-Owens process is now being operated in this country. 

8»E.P. 175,044, 

21 U.S.P. 1,422,036. 

?2E,P, 172,289. 
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arcuate flaws or fractures with their concave surfaces faciri^ in the 
direction from which the bal], travels. Undef heavy pressure 
the flaw's tend to curl roUnd And approach tlie surface, while 
longitudinal flaws develop parallel to the median line. 

• In these two cases the result of the action of the tool is to produce 
flaws in the glass surface, without, of necessity, removing material 
from it. When a number of tracks such as are made by a sin^e 
ste#‘l ball, or other hard surface, intersect, the flaws also intersect, 
and inaterial begins to be detached from the* surface. When a 
loos(‘ abrasive is used under an iron tool the track of every grain 
of the abrasive which is pressed between the tool and the glass is a 
series of flaws, and where the flaws which constitute separate, tracks 
iriters(‘ct suitably, material is removed. 

This theory is supported by the well-known disco/ery by F. 
Twynian, that a “greyed” surface of glass is under stress, the 
aelual surface being in compression and the glass just below the 
surface in tension. This is due to the wedging of minute particles 
( ‘f glass into the flaws produced by the abrasive. When the wedged 
j)ai‘ticles arc removed by the action of acid, Qr by polishing, the 
stri'ss disappears. The stress set up in a diamond cut is produced 
in a similar manner. 

The essential cjharacter of a surface which has been “ greyed ” 
or reduced to the limit of smoothness by a fine abrasive under a 
metal tool is that not merely does it consist of hills and hollows, 
hut that beneath those hills and hollows are flaws which extend to 
two or three times their depth downward into the glass. 

Study of the rate of attack of “ greyed ” and polished surfaces 
by hydrofluoric aq^d shows that the rate of solution of the greyed 
surface diminishes rapidly with time, while the rate of solution of 
the polished surface hardly diminishes at all. The rate of attack in 
both cases becomes ultimately identical. 

Preston attributes the polishing of glass by a fine abrasive under 
a tool covered with pitch or felt to phenomena identical with those 
already described. A fine flaw complex is first produced, which, 
in the final stage of dry polishing, is actually “ broken away by 
the loots.” At the same time a very shght molecular flowing of the 
surface (Beilby effect) results in the covering of the last traces of 
tlK‘ flaw’ complex produced in the greying process. This view is 
su|)ported,by experiments in the etching of pofished surfaces. • 


^liscHANicAL Methods of Wokking Glass. 

Numerous patents relating to improvements in the method of 
feeding glass to ipachuies for the formation of bottles etc. have 
been published during the year, but none of them involves any pew 
principle, nor can thev be*described without reference to diagrams! 

n2 
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pyrites invariably remained in the clay. ^ In many respects tis results 
corroborate the conclusions previously arrived^ at by Bleininger 
(c/. Trafvs. Amer.\^eram. lOlJ, 15, 43). It cannot reasonably 
be doubted that the verdict pronounced by Kohl and other un- 
biassed observers represents the true position ; and the fact that 
the method of purifying clays by this process ‘has not made greater 
progress since its inauguration may, perhaps, be taken as further 
corroborative evidence of its shortcomings. Nevertheless, ^its 
introduction has li«ad a salutary effect, if only in disclosing the 
possibilities of sedimentation with slips containing various 
electrol 3 rtes. 

Ilarlier work on the action of bacteria on clays is recalled by a 
contribution by W. J. Vernadsky,® who confirms pre\ious observa- 
tions, nann-Jy, that bacterial action increases the proportion of free 
hydrates of alumina in a clay. As is w^ell known, this action 
accounts, at least partially, for the “weathering” or “ageing” 
process to which most clays are submitted. But a few years ago 
the writer of this review saw an experiment conducted in which a 
special body was inoculated with selected bacteria for the express 
purpose of increasing the plasticity. 

The difficulty of interpreting the nature and behaviour of the 
clay molecule has given to us many hypotheses, some based on 
little experience and indefinite experiment. Accurate study of 
this complex problem is always welcome, and for this reason the 
work of H. S. Houldsworth and J. W. Coblri on ‘*The Behaviour of 
Fireclays, Bauxite, etc., on Heating” is to be commended. By the 
application of the Roberts- Austen method of determining transition 
points, they have obtained, with fireclay, valua[^le data relating 
to the two endothermic changes .taking place at about 100“ and 
620“ C. respectively and the exothermic change at about 930° C. 
Although the authors draw no conclusions from the results, it 
may be noted that Mellor’s conception of tjie behaviour of the 
kaolinite molecule is in no way refuted by this work. 
C. E. Moore® has also attempted the elucidation of this problem 
from a somewhat different standpoint. He has studied the 
variation, caused by heating, in the contraction, porosity, 
specific gravity, hygroscopicity, and solubility in acid of Stour- 
bridge fireclays. Supplementing these data, he has investigated 
“ dehydration ” and “ heating curve ” phenomena. The results 
must be of much .value to the 'Stourbridge manufacturer. The 
author, however, with a decided suggestion of dogmatism, has 
adopted a conception of the clay molecule based on the hexite- 
pentite theory of Asch. Owing to the highly controversial nature 


* Cep^ptes wnd., 1922, 176, 450. 

* J,, im, 447b. 
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of the Subject, criticism of this theory is of doubtfuj value; 
however, it is pointed out’ that in ceramics its utility has long 
disappeared, owing, it is suggested, to the incrclising influence of 
the “ phase-rule ” implications. * 

^ Although seven different crystalline modifications of silica are 
definitely known, there remain two forms of this oxide of unknown 
constitution . These, comprising flint and chalcedony, have generally 
been described as “ cryptocrystalline,” though Fenner has already 
suggested that chalcedony is probably a form, of quartz. E. W. 
Wasliburn and L. Navias* have made an exhaustive examination 
of th(‘se minerals and have shown beyond doubt that they contain 
large j>roportions of crystalline quartz. The X-ray spectra of each 
is identical with that of quartz, while such physical prop^i'fties as 
sjK'cibc gravity, index of refraction, and coeflicient^f thermal 
('xpansion are e-omparable with those of the latter mineral. By 
the same means these authors have demonstrated that the product 
of calcination of both flint and chalcedony is mainly cristobalitc. 

Details relating to the manufacture of dolomite earthenware are 
published by G. Steinbrecht.’ Tn his interesting contribution, 
this writer not only points out the various difficulties experienced 
ill manufacturing, but also gives some useful hints on the best 
methods of overcoming them. ' Some years ago Carman conducted 
extensive research work on the use of dolomite as a body flux, but 
hitherto no operations on a large scale hav(^ resulted therefrom. 
Enormous supplies of the material are available in Great Britain, 
and there appears to be no reason why an attemjrt should not be 
made to incorporate it in bodies of an inferior type. 

The actual making of large ceramic objects is an operation which 
comparatively .iKudom forms the subject of systematic observation 
and detailed record, yet during the period under review two such 
contributions have appeared in the same publication. J. Clark* 
and T. A. Klinefelter^and F. C. Parsons® have dealt with the subject 
of ” pressing ” in a comprehensive manner, and their contributions, 
which are well illustrated, will doubtless focus attention on the 
methods adopted at different works. Moreover, it may confi- 
flcritly be expected that more or less criticism will be forthcoming, 
siiute the predominant factor in all such practical operations is 
undoubtedly the personal element. 

The excessive losses which are experienced periodically in pottery 
uianufacture could be curtailed By a more complete understanding 
of the fundamental principles underlying the various processes, 
rartiijulacly is this the case with crooked ware, for our knowledge 

* J. Amer. Gerfm. Soc., 1922, 666. 

’ Keram, Rund., 192i», 30, 471. 

^ J. Amer, Cefam. Soc.^ 1922, 6, 623. 

® Ibid., 1922, 6. 632. 
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of thex^uses of this trouble is for the most part empiricaf and very 
incomplete. For this reason the contribution by C. H. Lees^® is 
to be ■welcomed,^ inasmuch as thf author deals with principles in 
a manner totally new to the industry. Despite th(j fact that his 
contribution is of a purely theoretical nature, his data are pf 
considerable importance from a practical point of view, since the 
heavy monetary losses incurred from crooked ware could be 
considerably reduced by the application of the principles enunciated 
by this author. . 

Many interesting and controversial points are referred to by 
0. N. White “ in his dissertation on chemical porcelain. This 
product is a heterogeneous compound, and consequently the laws 
relating to ideal solid solutions require modification before they 
can be applied. The author suggests that the higher the proportion 
of crystallinity produced during firing, compared with the possible 
degree of crystalline structure, the better will the produet with- 
stand rapid thermal changes ; he claims that stability is really a 
function of the sillimanite formed. ' 

These observations are worthy of note, for it has been pointed 
out previously by riiany investigators, notably by Mellor, that the 
deterioration of porcelain pyrometer tubes, refractory saggars, etc., 
is largely due to the formation of sillimanite whilst in usi^ 

As is suggested by C. W. Hill in a recefit publication, the field 
for research in ceramics is practically unlimited. As a tyi)e of 
problem requiring elucidation, he mentions the rejuvenation of 
old plaster moulds. Theoretically, he maintains, there ought to 
be no difficulty about the process. It is evident that the author 
has heard of the many unsuccessful attempts >vhich have been 
made to solve this problem, since he points out xhat the presence 
of a high percentage of anhydrous sulphate may be detrimental 
to the process. One may be permitted to draw attention also 
to the fact that other side issues, such as the presence of sodium 
sulphate and calcium silicate in. moulds used for casting with 
alkaline slip, render the problem still more interesting and 
complicated. 

S. B. Larkin^® suggests that equal parts of cement and plaster 
would make an ideal mixture for mould-makers’ cases. Unfor- 
tunately, no specific type of cement is mentioned. It may be 
noted, however, that mixtures incorporating “ Keene’s ” cement 
have been used in moulds for cu^ handles and would prbbably be 
of service in the manner suggested. 

* Lack of fundamental data relating to the “ clay ffiow ” in 
expression machines has been responsible, at various times, for 
J., 1922, 446r. 

“ Tvana. Ci^ram. aS'oc., 1922, 21, 320. 

^ J. Amer. Ceram Soc.^ 19^2, 5, 732. 

Brick and Clay Record, 1 922, 61, 255. 
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abnorm^f losses in certain Ijranches of the ceramic industujr. The 
trouble is accentuated by the fact that in some cajjes the lamination 
only develops aftei; the goods have been put into^service. This is 
particularly the case with certain types of machine-made roofing 
tiles. For this reason J. J. F. Brand’s contribution to the 
literature of the sulfject is to be welcomed. It contains many 
valuable data and the suggestions put forward should not fee 
diflicult of application. The fact that the effect of varying the 
water 'distribution within the mass is dealt with at some length 
sliould add further interest to the paper. 

The degree of precision demanded in ceramic fittings to be used 
in certain branches of the electrical industry, renders it imperative 
that each article should conform closely to required standards. 
In ])raetiee it has been shown that attention to the ordi»Ary routine 
is T)ot sufficient, and any research that will assist in effecting still 
m()j(; jigid application of sound principles will be welcomed by the 
trade in general. Data supplied by H. Spurrier in a paper on 
dust-press practice are of great value in this connexion. In his 
( xperiments he endeavoured to find out the fle^w of the dust in the 
dies while the pressure was being exerted ; he shows that there are „ 
stream or flow linos within the .dust, and he suggests that, in order 
to overcome the defects arising from these movements, a special 
study is necessary with a view to determine the best method of 
filling the mould. 

A successful attempt has been made by I. E. Sproat^® to correlate 
data regarding the tyjje of b(^dy, mechanical strength when dry, * 
and the various defects which become apparent after biscuit firing. 
The coiulysions jjirrived at by the author indicate that the pro- 
portion of cracked, crooked, or strained ware can be regulated 
lai'gely by modifications of the recipe. The data supplied certainly 
merit careful attention from manufacturers of whiteware. The 
need of such informairion as is given in this papcT haSj^ in fact, been 
referrcnl to repeatedly in ceramic literature. Furthermore, great 
benefit would be derived from an extension of these investigations 
to include variations in the body materials as distinct from altera- 
tion of recipes. 

Further data relating to the possibilities of mechanical handling 
ill ceramic works are recorded in a contributjpn by A. P. Ball.^’ 
'I'fie diag’\ams accompanying the •paper clearly show that in the 
plant under review principles have been followed which have proved 
successful in engineering practice. It is also to be noted that the 
equipment vould require modification if used on whiteware 

Anier. CerAm. Sw., 1922, 5, S65. 

Ibid., 1922, 6, 798. 

Ibid., 1922, 6 , 6feS ; J., 1922, 814a. 

Ibid., 1922, 5 , 236. 
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factorii^, since the large amount of iron used in its construction 
(unless this be l^pt well painted etc.) would n<ot be conducive to 
cleanliness. 

A comprehensive series ot tests on the grading ot glass ware has 
been carried out by W. L. Baillie and F. E. Wilson.^® With 
suitable modiiications the aj)paratus used would be of service in 
the ceramic industry, particularly as regards the test for resistance 
to acids and alkalis. Tht'st; factors are becoming increasingly 
important for hotel ware, which has to stand the hard usage of 
mechanical washing applianc(^s. 

It is remarkable that the apparently illogical process of drying 
a clay completely, prior to damping it before ieeding into ’the 
centrifugal grinder, has not received earlier atten1aoj|from ceramic 
engineers.'^ However, H. Spurrier^* now puts ^^jf^ward a sug- 
gestion to reiiK'dy this anomalous procedure. By modifying the 
dryer, he finds that, as soon as the water-content has been reduced! 
to the requisite quantity, the clay can be removed from tfte racks 
and ground ; thus the intermediate damping is eliminated and 
considerable economy both of heat and time is effected. He also 
claims that the dust prepared in this way" is superior to that pro- 
duced by normal methods. Furthermore, an ii^eresting and some- 
what novel development is foreshadowed ; the clay is to be taken 
direct from the presses and ground in the mill, and a blast of 
hot air is to be directed tlu'ough the column of dust in order to 
reduce the water-content to working requirements. But the 
author makes no suggestion as to what type of mill is to be 
used in order to grind a clay containing, for instance, 20% oi 
moisture to dust. His paper, however, is fii»l of ijiterest, for 
it is along lines such as those indicated therein that ceramists 
must look for further progress in the semi-dry process. 

An attempt has recently been made to overcome a disadvantage 
which is coiqmon to many types of tunnel dfyers, and the idea has 
been patented.*® The patentees, W. J. Gardner, J. Holland, and 
S. Gardner, claim that any portion of the moving train may be 
disconnected and subjected to any special drying conditions as 
required. This should prove a welcome facility. 

Of recent years considerable attention has been devoted tc 
firing technique ini connexion with the production of the heaviei 
t^es of ceramic products, such as terra-cotta, roofing tiltes, etc. A 
number of systems have been suggested and tried, two of whicl 
deserve particuilar mention, since they appear to be of 9. promising 
nature. The first is described by W. W. Itner,®! who givef 

W2, 45t. 
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interesting data regarding the application of induced draiyght by 
means of a portable exhauster. In the second system, introduced 
by J. L. Carruthers,^^ specially Resigned hollow ^rebars are used 
in connexion with a* portable forced-draught equipment. In both 
cases very considerable economies are claimed in regard to time, 
labour, and fuel costs^ while the proportion of best ware produced 
is incr('ased. Manufacturers in other branches of the industry 
will no doubt wish to test the possibilities of such apparatus, since 
littl?‘ capital expenditure is entailed in comparison with the results 
atiained. 

'riic extended ground space required by the usual type of tunnel 
kiln often constitutes a serious drawback to its installation on an 
existing factory. Many schemes have been put forward* from 
tini(‘ to time to cop(* with this dilficailty, and in a recent^atent a 
further, and somewhat ingenious solution is suggested. The new 
tuimel is to b(' widened so as to reccuve the trucks at right-angles 
to thc' walls of the kiln. The roof drop arches are to be extended 
in older to register with the top of the trucks. This will insure 
longer and more complete circulation of the combustion gases. 

An attmnpt to produce from gas generators flames resembling 
t hose obtained in coal-fired furnaces is indicated in a recent patent 
by tli(‘ Su‘mens-Schuckertwcrk(;. An auxiliary furnace is employed, 
in which resinous materials are burned, and the product of this 
combustion is projected into the gaseous mixture issuing from the 
producer. This procedure might possibly lengthen the flames 
siiftici(‘ntly to prevent local heating. It would also be interesting 
to know wdi ether, by this method, a gas sufficiently rich in hydro- 
carbons might b^ produced to render possible the successful 
firing of ‘‘ filue ” goods wdth gas — ^a problem which still awaits 
satisfactory solution. H. Koppers’^^ method of utilising hot air 
in the cooling zone of a continuous oven system suggests interesting 
jaissibilities, for, if his plaims are upheld in practice, a serious draw- 
back to the application of the continuous system to the firing of 
silica bricks will have been removed. Many methods have proved 
to be entirely satisfactory as regards the actual firing of this product, 
but have failed in use owing to the losses incurred during cooling. 

Attention may here be drawn to an insulating door (to be used in 
lion junction with the existing door) for enamel kilns. This is 
indicative ^of the enthusiasm wit|^ which porfery manufacturers 
are studying the question of possible fuel economies. The 
appliance-® consists essentially of an asbestos mattress, by the 

1922, 5, 449. 
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liBe of which, it is claimed, greater, uniformity of temperature, 
accompanied by a saving in fuel, is obtained. 

The ‘l)urning of blue engineering bricks in intermittent ovens is, 
as is well known, an extremely wasteful operation. However, at 
least one continuous chamber kiln, if report be true, is firing this 
type of product satisfactorily. The quality of the ware is said to 
equal that produced in the older ty|)e of kiln, while the fuel con- 
sumption is, of course, considerably reduced. 

For relatively low temperatures, continuous annular muMe kilns 
have given every satisfaction in the ceramic industries, their chief 
drawback being the temperature limit to which their successful 
operation has hitherto been confined. A highly significant 
deveKipment is, however, foreshadowed in a paper by Sir A. Duck- 
ham.2® F is claimed for the patented kiln that temperatures in 
the region of 1100°-1200® C. can readily be maintained ; this, 
of course, indicates that a problem which has absorbed the 
attention of kiln designers for a long time has aeiually been 
solved. At present enamelled fireclay ware, glazed bricks, etc. 
are, with few exceptions, fired in intermittent ovens, so that the 
new kiln opens up wide possibilities. 

An interesting development of the chamber type of continuous 
oven is outlined in a recent patent by W^odhall, Duckham, and 
Jones, Ltd., and A. M. Duckham.^® The usual tyj^e of bag is 
replaced by a central burner, which is not “ tied ’’ into the structure, 
so that repairs can be quickly carried out. It is claimed that the 
gases divide and spread laterally and downward, thus ensuring 
uniform heating. 

A novel process of burning pulverised fuel, tin whi(jh Portland 
cement is obtained as a by-product, has been patented in Japan 
by T. Fujiyama.^® Lime and small quantities of quartz, or other 
similar substances, are mixed with pulverised fuel in such pro- 
portions that they form Portland cement with the ashes. The 
mixture may be burned with air-blast to heat boilers or other 
apparatus and at the same time to produce cement clinker. On 
the face of it, the method appears to be ingenious, and, if it should 
prove capable of application industrially, will undoubtedly lead to 
great economies. 

The method of economising in fuel by securing effective control 
of draught conditions in a kMn or furnace has received much: 
attention pi late. A. Monnier^^ has now patented an automatic 
draught regulator which has been in successful operation for two 

*’ Brit. Glayumkert 1922, 81 » 21. 
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(Tears on a French works. It is an ingenious apparatus, rfnd its 
3 ehaviour under actual working ^conditions will l|e watch^ with 
nterest by ceramic engineers. 

During the past year the problem of smoke abatement has 
ofimed largely in pul^lic discussions appearing in the daily press. 
Lt has, in fact, become a question of paramount social importance 
in all civilised countries. S. Momoki®^ states that he has long beeA 
investigating various methods of dealing with the difficulty in 
Japan. He expresses the opinion that the most' promising results 
ire obtained with tunnel kilns fired with gas under pressure from a 
producer. 

The same author®® discusses the relative merits of tunnel^ kilns 
ind of the ordinary round ovens. The first large Dressier kiln to be 
nstalled in dapan was completed in August, 1920, and’^for seven 
nonths gave perfect satisfaction. The writer agrees with the 
opinion (now almost universally held) that, though the initial cost 

installation is probably about three times as high as that for 
round kilns of the same capacity, this excess of fixed capital for 
tunnel kilns is outweighed by their general advantages. 

In common with other countries, America is now devoting con- 
dderable attention to the quesvion of firing technique, and in an 
interim report recently published®* it is made abundantly clear 
that rapid strides are being made with various continuous firing 
systems. No fewer than 60 kilns have been noted as actually in use, 
and there are others under construction. It will be interesting at 
a later stage to compare the data collected by the various institu- 
tions ; furthermore, the information should be of great value to 
those manufacturtts who intend to adopt some form of continuous 
firing. 

The important subject of glazing has received the attention of 
various workers. The production of ware which shows no ten- 
dency to craze is the dim of whiteware manufacturers, and various 
tests are in general use, the object of which is to obtain a relative 
indication of the liability of ware to craze when in use. These 
tests are nearly always designed to impart a sudden shock to the 
test piece. However, it is refreshing to find that F. H. Riddle 
and J. S. Laird®® attack the problem from an entirely different 
standpoint. It is well known that a crazed piece of pottery is 
m(‘chanica(tiy weak, and the new method is based upon this funda- 
niental factor. The points which appear to warrant special 
attention are, firstly, the marked increase in the tensile strength 
of the well-^azed specimens compared with the unglazed pieces, 

“ J. Jap. Ceran^. Assoc., 1921, 349, 474. 

” Ibid., 1921, 347, 385. 
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and aeVondly, the remarkable decrease in strength as the crazing 
increases. The \^uithors state that the decrease in strength is not 
due to diminished interaetion between the body and glaze, but 
rather to increased strain due to the modification of the coefficient 
of expansion. It is to be regretted that the glaze reciipes were nfOt 
included in the report, since their exclusion prevents any con- 
clusions being drawn by other observers. The authors might, 
with advantage, ext(md their investigations to the subject of 
peeling, for it is “well known that this fault, like crazing, also 
decreases the mechanical strength of ware. 

A number of eminent ceramists, who have investigated the 
.causes of crazing and peeling, have concluded erronef)Usly that the 
lack of agreement between the coefficients of expansion of the body 
and glaze the sole cause of the fault. The remarks by A. Granger,-*® 
however, are a timely reminder that the “ buffer layer formed by 
interaction between body and glaze, the elasticity and the “ vis- 
cosity range ” of the glaze employed, also have an, important 
bearing on this troublesome sub](6ct. 

The difficulties wj,th which the ceramist has to cope are numerous 
and varied, and many arc the solutions gratuitously offered. But 
it is rare that we find such positive and dogmatic statements as in 
the literature dealing with the causes and gare of “ fish -scaling ” of 
enamels. J. S. Grainer**’ considers that (a) the type of clay used as a 
flotative, and (6) the firing conditions are the primary factors upon 
which the appearance of this fault depends. Ho is of opinion that 
the physical properties of a clay, particularly its capacity for 
remaining in suspension, are of greater moment than its chemical 
composition. This being so, it is not clear why^experiments were 
not tried with osmosed or colloidal clay. It is, of course, unfor- 
tunate that fish -scaling in enamelled ware, like crazing in pottery, 
may be retarded sufficiently long for the goods to reach the customer 
before the defect becomes apparent. B. T# Sweely "*® also has a 
further informative contribution to this question. In his experi- 
ments he removed the enamel from one side of an apparently sound 
piece and found that fish-scaling developed on the remaining un- 
disturbed surface. He therefore concludes that the trouble arises 
owing to varying coefficients of exj)ansion between stock and 
enamel, a result which recalls the work of Danielson and Soudar, 
referred to in thc^e Reports l^t year. In a discussion of the 
author’s results, it was pointed out that volatilisation of certain of 
t|ie ingredients might account for some of the discrepancies in the 
reported results. But it may also be noted that the addition of 
materials which', from the point of view of expansion, would be 
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expected to aggravate the dpfect, might at the same time increase 
the elasticity ami Ihus indirectly enhance thf strain-resisting 
•apacity of the ent^mel. *• , 

The effect of variations in the composition of ground -coat enamel 
its adherence to iron is discussed by a Japanese worker, S. Mori. 
riie adhesive capacity was measured by means of the impact test, 
ill] enamel which had proved very good in practice being taken astfi 
basis of the experiments. Some useful and interesting results 
tippi^ai To have been obtained, and it is concluded*that the resistance 
h) eliij)ping is reduced by increasing the silica or boric acid content, 
and increas(‘d by the addition of alumina. Further, the adherence 
of t}](‘ ground coat is strengthened by an increase of soda, potash, 
or lime up to a certain point, beyond which the effect is reversed. 

'J’he modern tendency toward the production of “ frc'Ck ” glaze 
(effects on art ware* is reflected in a contribution by R. F. Watkin.-*® 
He lias studied the composition of glazes in relation to their sus- 
(•(ptibility to vaporous lustring, his results indicating that, in 
giMieral, glazes high in lead and low in lime are the most satisfactory 
•or this purpose. Tt is unfortunate, however, Hiat the author did 
not. make use of quantitative methods in a})plying the reducing 
agents, for in all probability the results would vary considerably 
aticording to the volume of reducing vapours admitted to the kiln. 
Furthermore, a study of the effect of convection currents during the 
reducing stage would have enhanced the value of the work greatly. 

A short reference may here be made to the so-call(‘d cold -glazed 
“ Kerament ” tiles. In vk'w of the somewhat startling claims put 
forward by the manufacturers and vendors, it became imperative 
that thorough and systematic comparative tests should be under- 
taken. Tw’o independent series of investigations were made by 
C. Tostmann^' and by the Mateialpriifungsamt, Berlin, and the 
r('sults, though differing widely in certain respects, show very 
(dearly that, with the, exception of a few minor advantages, the 
ci'iiK'nt tiles arc in no way comi^arable with glazed earthenware as 
regards durability, resistance to acids, etc. 

Interesting information is provided by N. Heaton^- on the use of 
titanium as a pigment in paints. His results indicate that a 
mixture of 25% of titanium dioxide and 75% of barium sulphate 
gives excellent results in practice, possesses high chemical stability, 
is non-toxic, and is unaffected by Ijydrogen sul])hide. 

A useful* contribution to our knowledge of “liquid” gold comes 
from the pen of P. P. Budnikov.^® The available data bearing 
upon this subject are undoubtexily somewhat misleading; in many 
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cases S mere repetition of recipes is. all that is given, without 
sufficient mclicat(ion of the method of preparation, which, after all, 
is the most important factor in tte process. 

R. Rieke and W. Pactsch** have compounded a series of colours 
on the ROjRgOa basis. After calcining the mixture at specific 
temperatures, the free, or unaltered oxides were removed, and it 
wns found that the residual products conformed in every case to 
the true ROjRaOa formula. For the most part they proved very 
suitable for use 2i8 underglaze colours. This work recalls the 
earlier investigations of Seger and other ceramists on the subject. 

An alternative method of determining tensile strength is sug- 
gested by R. Rieke and M. Gary.‘“^ Circular test pieces constricted 
in the centre, i.e., of approximately dumb-bell shape, are tested 
in a mach'nc, the jaws of which are arranged transversely or at 
right-angles to each other. Details of an impact testing machine 
suitable for porcelain are also supplied in the concluding portions 
of the report. The first test apparently overcomes «^one of the 
defects common to the usual methods of measuring tensile strength, 
viz., the difficulty of making test pieces — a factor of considerable 
importance. The actual data supplied by the authors would have 
proved of much greater value, ho^vever, if information regarding 
the composition of the bodies tested had i^t been withheld. 

It has long been recognised in ceramics that the physical pro- 
perties of the raw materials and of the finished product are at least 
equal in importance to the chemical composition. The results of 
work carried out by W. Steger*® confirm the accuracy of this 
accepted axiom in a marked degree. His investigations were 
undertaken with a view to determine the effec^t of replacing Nor- 
wegian quartz by various other forms of silica available in Germany, 
including crystal sand and geyserite. In no case was the trans- 
lucency of the final product comparable with that obtained with 
the Scandinavian material. 

An improved method for the production of fused silica or 
alumina filaments is outlined in a patent by M. de Roiboul.*’^ 
Filaments of 0-005 mm. diameter are extremely flexible, and it is 
claimed that the electrical properties are far in advance of those of 
other materials used for similar purposes. 

Building Materials. 

A. B. Pite^® again directs attention to the use of ceramics as a 
facing for ferro-concrete structures. Fayence combines durability 

** Ber. deuts. keram Oes., 1922, 3, 147 ; J., 1922, 592a. 

« Ibid ., 8 , 5 ; J ., 1922, 691a. 

Ibid., 1922, 3, 50. 

« E.P. 166,052 ; J ., 1922, 142a. 

** Trans, Caram. Soc., 1922 , 21 , 328 . 



CERAMICS AND^TTILDlSfO MATERIALS. 


and cleanliness in a manner^ not nearly approached by anj/ other 
building material , It is a mistake, in the autlyr’s opinion, to 
copy granite forms i^ ceramics, lln order to popularise the nfledium, 
it is proposed that a school for the study of architectural ceramics 
should be formed. With regard to the question of relative costs, 
it should be borne in Aind that the high prices of terra-cotta ware 
are mainly due to the abnormal shapes and sizes of the piece^ 
eirqjoyed and to the lack of uniformity generally. Manufacturers 
would Welcome the decision to utilise smaller blocks, preferably in 
units not larger than standard bricks. 

(considerable attention has been paid during recent years to the 
question of the preservation of stone used for architectural pur- 
poses. In discussing the fundamental causes of the disinteginition 
of rock surfaces, N. Heaton^* states that sulphur dioxide is the 
notent factor. His conclusions are that, in general, limewashing 
is a satisfactory preservative, except for stones of a close uniform 
bixture, for which he recommends fluosilicate. 

The causes of cracking and disintegration of Portland cement 
‘oncrete are ably discussed by K. E. Stradling,®“ who points out 
that the reasons involved are numerous, and not well defined. He 
concludes that by far the greater number of failures are due to 
faulty workmanship rather than to bad materials. 

P. Feret'*^ rejjorts the conclusion he has arrived at after carrying 
out a long series of experiments designed to test fully the effect of 
the iiKTts present in hydraulic mortars. He states that in the 
cruslu'd rock type of filler it is the physical properties which are 
of mormuit and not the chemical composition. 

Heferenc(5 is made to an alumina cement by H. S. Spackman.*® 
This material is manufactured in France and is slow^ setting. Unlike 
Portland cement, however, it hardens quickly. Its properties 
mak(‘ it very suitable for many engineering purposes, particularly 
as it is said to be unaljccted by sea -water. 

That the possibilities of concrete have not yet reached finality 
is indicated in a report by E. Haimovici,^^ who gives a descriptive 
account of the methods of manufacturing hollow concrete poles 
for supporting electric cables etc. Mention is made of poles 60 ft. 
in length, from which it must be assumed that the working details 
have attained an advanced stage. 

Details arc given by P. Atterfelt®^ of a nfew wooden fibrous 
Uiaterial, which, he states, can be* sawn and planed as readily as 

Q>wam/. 1922, 27 , 66. 

('(memt ami Gonstr. Eng., 1922, 17 , 393, 476. 

’ Hev- Mat. Constr. Tran, Pub., 1922, Nos. 150-2, 45 ef seq. 

Rock Prodmtf, 1922, 26 , Nos. 16, 30; Cement Eng. News, 1922, 34 
10 , 18 . 

Tonind.-Zeit., 1922, 46 , 1113. 

Haw Mat. Rev., 1922, i. 54. 
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ordinaif^ timber. In addition it has tjvice the insulating capacity" 
of wood. If, as^s intimated, its cost is only opie-quarter that of 
brick, fhere is ^ distinct possibibty that it m/iy prove a serious 
competitor to ceramic wares of certain kinds. 

The possibilities of sand-lime bricks have not been thoroughly 
expIoit(Kl owing to the lack of fundamental data relating to the 
nj^terials used. W. Drakebusch'^'^ has undertaken an investigation 
in which varying types of lime were used in conjunction with a 
standard sand. In general, he concludes that hydraulic limes are 
preferable to white lime. His experiments with aged bricks 
suggest that the compressive strength is greatly increased by 
ageing. 

In general practice, the ultimate strength of cement is tested 
after a somewliat lengthy period. Occasionally this procedure has 
serious drawbacks, as, for instance, when a definite time schedule 
has to be adhered to. H. B. Young and T. V. McCarthy^® have 
developed a method in which the mixture is allowed ^fo age for 
28 days, at the expiration of which period thc^ mass should (exhibit 
a certain minimum tensile strength. The limits rixed are such 
that, if the prescribed standard is reached, it is considered safe to 
proceed with the building operations. ' 

Refeactoeies. 

Though the demand for chrome refractories for steel furnaces is 
probably diminishing, research on the subject still continues. 
This may, perhaps, appear to be a somewhat unusual policy, but 
it is doubtless sound ; for the more complete ^our knowledge of 
any product, the greater the poi^Sibilities of exteViding its applica- 
tion to other fi(ilds. In a discussion of the suitability of the various 
chrome ores for making refractories, R. E. Griffith” points out 
that a high percentage of chromic oxide is not so desirable as a low 
iron content and well-balanced proportions of silica, magnesia, and 
alumina. Chrome bricks, he maintains, show great strength under 
load at high temperatures, and are more resistant to slag penetration 
than magnesite bricks. 

In general works practice it is not unusual to find that refrac- 
tories are exposed for long periods to the vagaries of the weather 
before being put info service. Though this procedure was known 
to* be unwise, the magnitude of the losses incurred thereby was not 
realised fully until the results of some eminently practical investi- 
gations, carried out by R. M. Howe, S. IVt. Phelps, f^nd R. F. 
Ferguson*^* were made kno\^n. These workers determined the 

” Tonind.-Zeit., 1921, 45, 1170. 

Canadian Engineer, 1922, 9, 263 

, 6’ Brick and Clay Bee., 1922, 61, 180. 

’• J. Amer, Ceram. Sac., 1922, 5, 107 ; J., 1022, 263a. 
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relative deterioration of various types of refractories after exposure 
in an open spaoei for twelve months. They f(bund that there 
was, in every case,# a marked decrease in mecb^inical strength. 
W. J. Rees^® also announces that he has conducted research work 
ofi this subject, but ^ives no figures. 

An interesting and valuable contribution has been added to the 
literature on refractories by C. E. Ayars,*® who discusses at some 
length the factors demanding consideration in designing moulds 
for making refractories. The figures accompanying the paper will 
undoubtedly be of great service to those who have to construct 
moulds for the specific purposes mentioned. Incidentally, the 
author emphasises the importance of studying the question of the 
position in the kilns during firing, since the contraction in the*lower 
])arts of a setting must necessarily be modified by the su;il'rimposed 
weight of the upper courses. However, the statement that the 
eight of silica refractories does not affect the expansion dming 
firing may be questioned, for, if the movements are restricted in a 
Ideral direction, this factor will vary accordingly. 

It is suggested by i). H. Moulton®^ that speciaj tests are necessary 
to differentiate between suitable and unsuitable ladle bricks. • He 
considers that the standard refractory tests would exclude certain 
bricks which are giving excellent results in practice. The reviewer 
lias met with similar instances in connexion with other branches of 
the refractory industry, and it is to be hoped that the tendency 
toward the application of specially designed teats for each specific 
purpose* will gradually be extended to cover all sections of the 
industry. 

A recent ^patent oy H, Koppers®* introduces an unusual bonding 
material for silica bricks. A volcanic deposit is added in a finely 
ground condition to the crushed silicious materials, and it is 
claimed that a highly refractory framework is thus formed, pro- 
ducing bricks of great- durability . 

There is an urgent need for reliable data relating to the physical 
structure of tank blocks for glass-melting furnaces. G. A. Loomis®® 
partially meets the demand by his study of the structure of blocks 
taki‘n from stock, but unfortunately the sketches accompanying 
th(‘ paper show marked differences, and it is not stated what 
methods were adopted in the making process. In consequence, no 
definitf*. and useful conclusions c^n be draw^i from the data 
su])plied. It may be noted here that W. J. Rees,®* in his review of 

J. iilasa 5rec;i.,*1922, 6, 184. 

AmtT. Ceram. Soc., 1922, 5, G7. 

Ibid., 1922, 6, fi33. 

U.P. 345,949. 

Amer. Ceram. :^oc., 1922, 6> 102. 

J. iSoc. Qlaaa Tech. 192J, 6, 184. 
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the prcK^isional specifications, also po:\nts out the advisability of 
paying closer attention to the texture. « 

An ahonymoi^s writer to a German perio(}ical®® reviews the 
subject of refractory linings for lime kilns. He suggests that fine- 
grained, highly refractory fireclay bricks give the most satisfactory 
results, and, in common with other writt'rs, stresses the importance 
otffine joints between the refractories. From his observations it 
would appear that the conditions as laid down by the writer wopld 
best be met by semi-dry, machine-made bricks — a type of brick 
which might also prove satisfactory for the lining of rotary cement 
clinker furnaces. It is definitely stated that silica bricks are not 
satisfactory, which is interesting in view of the observations made 
by W^*F. Rochow,®® who maintains that no reaction takes place 
between tVe lime and the silica at the temperature required for 
calcining limestone, and that, with propc^r precautions, silica bricks 
give a much longer life than fireclay refractories. 

In a paper dealing with the testing of silica bricks, Endell®^ 
advocates the measurement of the proportion of quartz, tridymite, 
and cristobalite by the superposition of squared paper on the 
photomicrographs (If the specimen, and claims a maximum error 
of 2%. This method, it may be pointed out, has already been 
tested in the case of igneous rocks, and i^by no means so satis- 
factory as the modification of R^fliwal’s method, already applied 
to silica bricks (c/, A. Scott, Trans. Ceram. Soc.y 1918, 17, 188). 

The breakdown of refractories under stress has received con- 
siderable attention during the past few years. In a recent 
contribution E. Sicurin and F. Carlssons®® give details of the hot 
crushing strength of specimens containing vari|^)us pr(n)ortions of 
iron oxide, magnesia, etc. added to normal mixtures Perhaps the 
outstanding result is that relating to the effect of the addition of 
0*08% of magnesia, which lowerecl the softening point by 40° C. 

Further data relating to the mechanical properties of refractory 
materials at high temperatures are communicated by E. L. Dupuy 
in a paper presented at the International Science Congress at 
Liege, in general, his results, which are reviewed by P. Frion,®® 
agree with recorded observations. However, he noted that 
samples crushed at 1000° C. regained, on cooling, a certain degree 
of rigidity. 

Carborundum brick is the subject of a lengthy and interesting 
paper by M. F. Peters,’® whose data on the grading of the inert and 
bonding materials are of great value. In ccimmon with othei; 

Deuis. Top. Zieg. Zeit.f 1922, 53r 290. 

®* Ceramist f f921, 1, 181. 

J, Armr. Cera^n. Soc.^ 1922, 5, 209; J., 1922, 4161. 

tbid., 1922, 5, 170 ; J., 1922, 416a. 

Cdramiqm, 1922, 25« 306. 
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workers, he found it difficult to obtain quantitative results for slag 
penetration, but, tn a general wy, it may be tallfen that carborun- 
duiri refractories ate highly resiltant to the actioil of silicious slags 
but are readily attacked by slags high in lime, lead, or iron. 
f»robably the moat i]j^teresting section of the paper is that dealing 
with spalling. The results obtained show clearly that, up to a 
certain point, the rate of spalling decreases with each success^e 
addition of carborundum to fireclay. Beyond^ this point, further 
addilions produce a marked increase in spalling. The author 
con.siders spalling to be a function of the thermal conductivity, the 
ecK'fiieient of expansion, and the tensile strength. Less convincing, 
however, is the theoretical discussion, the object of whiebiis the 
development of a formula for comparing directly ciy-borundum 
with clay bricks. 

later r (‘search on the more complex types of silicon refrac- 
t()ri(‘s is reviewed by B. Flusin.’^ Of the two products which 
re(*'‘ive particular attention- — “ Monox ” and “ Fibrox ” — the 
lattcT, introduced by Weintraub, should have a wide application 
as a b(‘at insulator. It can be moulded readily, and when fired 
it has a remarkably low apparent density and is very refractory. 

Y. Tadokorod^ in an extciisive investigation of the thermal 
conductivity, specific heat, and thermal expansion of refractoi ies, 
has reported much data. The method adopted by him for the 
measurement of thermal conductivity is based on the perk die 
heating and cooling of a test piece, such that the temperature of 
1b(‘ beat source varies in a purely sinusoidal manner. The diffu- 
sivity, from which the thernml conductivity is readily obtained, is 
computed .from Fourier’s analysis of heat conduction. The results 
are, in the main, higher than those obtained by calorimetric 
m(‘tb()dH (Wologdine ; Dougill, Hodsman, and Cobb ; Goerens 
tie.) and by certain apjilications of Fourier’s equation of linear 
diffusion (Heyn, Baber and Wetzel ; Green) to the problem. 
Further, the “linear” increase in the conductivity of silica and 
fireclay material with temperature, up to 1200° C. (indicated by 
other investigators), is not apparent in the results of this 
investigation. Tadokoro notes an increase up to about 700° C, 
but above this temperature the coefficient of conductivity becomes 
approximately constant. 

An un^wial type of failure in rdfractorics used in furnace-linirgs 
is reporteKi upon by P. 0, Menke.’® The outer casing of the 
furiiace was forced open by an abnormal expansion of the linirg. 
On dismantling the furnace, it was noted that the face of the 
bricks wiiich had^been in contact with the metal was vitrified to a 

Ind. Chim., 1922, 9 , 391. 

^ci. Rep.^ Tohoku Imp. Univ., 1921, 10 , No. 6. 
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depth of approximately four inches. Beyond this was a’ central 
zone which had libcome very friable and soft. lA order to elucidate 
the problem, chemical analyses of*the difEerent ficctions werp made, 
and these indicated that 50% of zinc in the form both of metal 
and of the oxide were present in the refractoj^ies. This infiltration 
or segregation of zinc compounds was held to be responsible for the 
increase in the volume of the bricks. This curious phenomenon is 
of great significance, for it has already been noted that .brefak- 
downs in other refractories, particularly in the roofs of steel 
smelting furnaces, have also been occasionally due to the segrega- 
tion of various compounds in certain well-defined zones. It is to 
be regretted that the author did not extend his investigations to 
include a microscopical examination of the different zones, for 
this woukfhave added greatly to the value of his work. 

As is well known, the nature of the furnace lining has, in most 
cases, an important bearing on the quality of the product of any 
particular process. This point has been studied by G. h?. FoxwelP* 
in relation to coke ovens. His data suggest that the decomposition 
of ammonia is moelified by the composition and texture of the 
refractories with which the coke is in contact. The gases condense 
to form surface films more readily on bricks relatively rich in 
tridymite, cristobalite, and calcium silicic than on those con- 
taining a large proportion of felspathic compounds. This author s 
observations arc of great moment, and a continuation of the work 
would be of much value to all interested in coke-oven practice. 

G. Walker’® directs attention to a defect occurring in the refrac- 
tories used in an oil-fired tunnel kiln. It was observed that the 
saggars, which had been placed in the line of tne oil-spray, dism- 
tegrated and broke down after four firings, the normal life being 
seventy burns. On modifying the setting arrangement so that 
the spray did not actually impinge upon the refractories, the 
trouble ceased. As a result of experiments c&rried out with a view 
to finding suitable materials sufficiently resistant to the action of 
the direct oil-spray, the author found that carborundum proved 
satisfactory. It is also suggested that the targets in oil-fired 
furnaces be made of calcined diaspore. 

A. T. Green’® prefaces an investigation of the thermal con- 
ductivity of refrajjtories at high temperature by a critical 
discussion of previous work on dhis subject. His metlwd, whicli 
is easy of. manipulation, is based on an application of the law oi 
linear diffusion of heat. The reported values of this constant an 
dower than those obtained by calorimetric methods, but agree wel 
with the results of Heyn, Bauer and Wetzel, 'fhis investigatioi 
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proves conclusively that {he thermal conductivity anct diffu- 
sivity of silica and fireclay products increase vi-th temperature, 
while with magnesi^ material th® value of these coijstants decreases 
with temperature. The temperature-conductivity and tempera- 
te re-diffusivity curves indicate a straight line relationship. 

R. D. Pike,” in a jfaper entitled “ The need for more refractory 
insulators,” suggests a device for obtaining a comparative measu»e 
of i-he thermal conductivity of refractories. The method is 
similar in most respects to the standard calorimetric method, the 
flow calorimeter being replaced by a standard thermal resistor, 
which purports to measure the heat flow. 

Technical education in relation to the refractories industry is 
taken as his subject by G. W. Hefford.’® The paper gives a clear and 
comprifliensivc statement of the meaning and purpose (A technical 
education, and one cannot but sympathise with the author’s object 
in striving to awaken thought and stimulate interest in a vital 
subject. It cannot be denied that the future development of the 
whole ceramic industry is dependent in the highest degree upon 
thorough and scientific investigation. 

’’ Ajner. Ceram. Soc., 1922, 5 , 555. 

Ur it. Cloyworker^ 1922, 31 , 230. 
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IKON AN-T) STEEV 

By C. 0. Baisnister, Assoc.R.S.M., F.LC., 

Professor of MeMllurgy, University}' of Liverpool. 

i'HE depression in the iron and steel industry noted in the^last 
report has continjiied more or less during the whole of 1922, but 
happily, towards the end of the year signs are not wanting that a 
slow improvement is taking place. This is evident from the 
following tables, which are a continuation of those given in last 
year’fi. report. The figures have been taken from the Bulletins 
of the Nj^tional Federation of Iron and Steel Manufacturers : — 


Production of Pig Iron in the United Kingdom. 


Month and 
year. 

« 

Haematite 

(In 

thousands of tons.) 

Basic. Foundry. 

Forgo. 

Total 
including 
alloys and 
other 
qualities. 

1921— 

Sept. 

474 


48-1 

49-1 .. 

10-7 

. . 158-3 

Oct. 

80-2 


63-3 

.. 74-5 

13-6 

. . 235-5 

Nov. 

90-3 


80-6 

.. 79-1 .. 

15-0 

.. 271-8 

Dec. 

924 


81-6 

. . 78-6 . . 

13-8 

. . 275-0 

1922— 

Jan. 

. . 102-9 


84-7 

. . 68-3 . . 

16-9 

. . 288-0 

Fob. 

.. 101 -S 


90-1 

. . 69-0 . . 

20-0 

. . 300-1 

March 

. . 149-3 


113-0 

. . 86-0 . . 

20-1 

. . 389-8 

April 

. . 162-9 


124-7 

. . 80-8 . . 

*16-7 

'20-3 

. . 394-3 

May 

.. 137-7 


146-7 

. . 78-8 . . 

. , 407-9 

Juno 

. . 109-7 


139-2 

. . 78-9 . . 

18-4 

. . 369-2 

July 

.. 111-4 


147-1 

., 91-0 .. 

21-0 

. . 399-1 

Aug. 

. . 120-2 


1374 

. . 102-2 . . 

29-9 

.. 411-7 

Sept. 

.. 123-7 


137-8 

.. 1134 .. 

25-9 

. . 430-3 


• ^ 

Productim of Steel in the United Kingdom- 


(In thousands of tons.) 

All other 


lilttith and 
®rear. 
1921— 

Open 

hearth. 

Bessemer. 

ingots and 

Total. 

Acid. 

Basic. 

Acid. 

1 

Basic. 

castings. 


Oct. 

. . 130-2 

256-1 

.. 12-4 

2-6 

.. 4-1 .. 

405-4 

Nov. 

. . 133-8 

267-1 

. . 30-8 

17-1 

. . 5-0 . . 

443-8 

Dec. 

1922— 

. . 126-1 

222-7 

..j 23-6 

10-4 

. . 4-2 . . 

• 

381-0 

Jan. , 

. . 96-2 

190-9 

. . 27-2 

8-8 

. . 4-4 . . 

327-6 

Fob. 

. . 124-9 

241-4 

314 

16-3 

. . 4-8 . . 

418-8 

March 

. . 162-9 

310-3 

. . 46-5 

24-7 • 

. . 6-0 . '. 

549-4 

April 

.. -118-6 

232-0 

. . 33-0 

17-3 

. . 3-3 . . 

404-2 

May 

. . 124-0 

286-6 

. . 26-9 

22-3 

... 3-6 . . 

462-3 

June 

. . 106-9 

257-6 

. . 10-3 

21-5 

. . 3-9 . . 

400-2 

July 

: . 128-4 

294-9 

.. 19-1 

24-7 

.. 6-0 .. 

473-1 

Aug. 

. . 169-9 

315»4 

. . 27-7 

19-5 

. . 6-9 . . 

628-4 

Sept. 

. . 157-3 

360-4 

. . 23-9 

]t7-2 

.. 7-1 .. 

656-9 
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MANUrACTURE OF IrON. 

In view of the? appaUing industrial conditions, uie rtviiisation 
of the necessity lor reducing ‘the cost of production by more 
economical working, and the fear of severe competition from various 
quarters for the world’s markets, it is not surprising to find that 
niu(di attention is being given to problems connected with the 
])roduetion of iron and steel on a large scale. The details of actdal 
pr{»ctife vary enormously, even in the same district, and it is 
difficult to form a definite opinion as to the merits of different 
methods of procedure, (iven when full details are available. 

In his presidential address before the Iron and Steel Institute, 

F. Samuelsoid draws atUmtion to many of the problems of. blast- 
furnace work and discusses many points which must be of vital 
interevst to our blast-furnace managers at the present time? Probably 
the most important matter dealt with in this address is the question 
as to what extent the known deficiencies of British plants suggest 
a policy of scrapping and rebuilding, and on the other hand to what 
e\tcnt an improvement may be made with a moderate expenditure 
of capital, it is suggested that large expenditure should not be 
made unless a gross return of 20% on this expenditure is certain. 
The present capacity of all the blast furnaces in the United Kingdom 
is about 12 million tons per annum, and the ma^dmum actual 
production has been ten and a quarter million tons, showing that we 
have an existing reserve of nearly 20%. Of the 278 furnaces 
workable at one time in England and Wales, 115 produce under 
750 tons per week, with an average of 500 tons, and 163 produce 
over that amount, averaging 1000 tons per week. The difficulties 
met with in atteiSapting to modify the old plants with a view to 
obtaining greater output are clearly indicated, for if the engine 
power is increased the stove power is insufficient, and if this difficulty 
is overcome the mains and connexions are not large enough for the 
increased volume of air. If by partial scrapping all these difficulties 
are overcome, the yard is frequently found too small for the increased 
traffic . In most cases there appears to be no action possible bet'^a^^,, 
leaving moderately well alone, and complete scrapping. 

The question as to the largest desirable output of fumafiiM is 
fiealt with, and some details are given of furnaces producing 500 and 
600 tons of pig iron per day. With regard to the great changes 
wliich hav^ been made in the lineiJ ” of the furnaces, J. E. Johnson* 
quoted to sum up the position thus : “ The boshes have been 
lowered virtually 50%, the hearth has been increased about 50%, 
and the angle of the* bosh has varied from 70° to 80°. The top 
diameters have been changed but little, as have the heights, practi- 
cally all the later ones being 90 ft. These changes have taken 

^ J. Iron and Steel Inst, 1922, 105, 29. 

“ “ Principles, Operation*and Products of the Blast Furnace,” p. 134. 
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place Vith an increasing rate of produption, the net result of which 
has been to incli^oase the tonnage per furnace fo three times that 
of a generation, ago.” 

The question of modem blast-furnace practice is also dealt 
with by A. K. Reese,® who outlin.es the basis upon which modem 
blast-furnace practice has been built up add shows the improve- 
ments in results, both as respects output and economy, which 
would result by their adoption in localities where the older practice 
is still in vogue. *The object sought by the application of modern 
methods is summed up as follows : Consisttmt with quality, to 
produce the greatest possible economical quantity ; and as any 
material increase in quantity has a direct and favourable bearing 
upon* economy, this description of the object of modern blast- 
furnace ;^^actice may be condensed to — the attainment of the 
greatest possible quantity consistent with quahty. The author 
lays special stress on the necessity for the suitable preparation 
of the materials to be charged, a matter which has been somewhat 
neglected in the past in British practice. The essential conditions’! 
of satisfactory operation of blast-furnaces are that there shall be 
as nearly as possible uniformity of chemical reactions and of 
physical movement of materials iiji the furnace. It is, of course, 
impracticable to obtain for blast-furnace u|ie, materials of perfectly 
uniform size and density, but it is possible to approximate to this, 
by suitable preparation. It is suggested that the coke used should 
not exceed 4 to 6 inches in size, and be free from dust, tlie iron ore 
should be 3 to 4 inches and the limestone 4 to 6 inches. The 
contcentious question of the value of dry blast is dealt with, and it 
is pointed out that several of the plants originally installed have 
been used only intermittently, in the summer montJis, or have 
been discontinued entirely. The improvement of results by the 
use of dry blast is universally agreed upon, but there arc differences 
of opinion as to the degree of economy obtained. It is suggested 
that there is a close relationship between dryness of the air and the 
maximum temperature of blast it is possible to use. With natural 
mpi^ air the maximum temperature of the blast which can be used 
witfe satisfactory and smooth running of the furnace is about 
560° C., and any increase in this temperature results in “ stickiness,” 
“ hanging,” and irregular movement of the materials in the furnace. 
With dry blast, oA the other Ijand, it is possible to qpe blast at 
850° C. with smooth running and considerable economy. The: 
design of blast-furnaces receives attention, and the principle change^ 
are summarised as follows : — a shaft battel* of 1 in 13’5 instead 
of 1 in 24, a low bosh (12 ft. above top of crucible instead of 24 
large hearth diameter (18 ft. instead of 10 ft.), and steep bosh qjlgle; 
(80° instead ' of 70°). 

* 

• J. Trnfi nmA fi1fi.pl Ifuti.. 1Q22. Ifift. ft. 
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An important paper dealing with the influence of the physical 
condition of the blSist on the woicking of blast-funiaces is published 
by M. Dcrclaye.* Che economy Merived from the^use of hot blast 
is incontestable, but the atlditional economy obtained by heating 
it* from 400° to 900°^0. — 45 kg. per ton of pig — is much smaller 
than that derived from heating it from 300° to 400°, which was 
found to be 84 kg. per ton of pig. It is concluded that there is nM 
sufftcdejit benefit derived from heating the blast beyond 800° to 
warrant the increased cost involved. 

Th(‘ qiK'stion of dry blast is also considered by this author, 
and th(^ conclusion is arrived at that in some circumstances the 
drying of the blast cannot be made to pay. It is suggested that 
the economy shown in the original Gayley experiments -^as largely 
due to the fact that a higher blast temperature was used, and it 
is stated that moist air heated to 700°, and dry air heated to 363°, 
hav(^ idtmtical influences on fuel economy. The results of experi- 
ments on the effect of enriching the air used with oxygen are given, 
}Uid on a 100-ton furnace ; with oxygen enrichment in the ratio of 
21 : 23 the fuel economy realised was 2*5- 3 and the yield in- 
creased 12 %. (Calculations show that the advantages to be obtained 
by (‘nriching the blast grow less in proportion as the oxygen percen- 
tage is increased. 

On(‘ of the most important of the details of blast-furnace practice 
is tlie filling and proper distribution of the charge. D. E. Roberts® 
deals with the two lines on which the mechanical charging of 
blast-furnaces has developed, viz., by means of the skip and the 
bucket. He gives^ details of a few of the best known examples of 
each and a general comparison of the two. The distribution of 
charge due to properly controlled hand-filling is ideal, and the 
( arly attempts at replacement were on skip lines. It was soon 
found that, owdng to the separating effect of the skip, serious 
(Trors in distribution took place. Methods were introduced to 
remedy these defects in the form of revolving tops, some of which 
are giving fairly satisfactory results. The author favours bucket 
cliargiiig, which is mechanically quite as serviceable as the skip 
and affords the great advantage of a free, simple, and open 
furnace top, no mechanism being needed to rearrange the charge 
and prevent bad distribution. ^ 

Dirtct Process. — Processes desighed for the direct production *of 
iron r(*ceive attention from time to time and much has been heard 
unofficially of the Basset process.* The novelty of the process 
the claim that the furnace being fired by coal dust, the carbon 
• 

^ Re.v. IJniv. Mines, 1922, 15» vi., 1; J. Iron and Steel Inst., 1922, 

106 , aoo: 

^ J. Iron and Steel Inst., ,1922, 105> 51. 

U.S.P. 1,360,711 ; E.P. 132,022 ; J., 1921, 48a, 689a. 
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is burnt to carbon monoxide, and not to carbon dioxide, and that 
the hydrogen i^Siot burnt so that re-oxidation^ of the reduced iron 
is avoided. Wiist^ criticises' the claims und shows that the 
above-mentioned conditions would require a high temperature and 
excess of carbon such as is used in gas prtjducers, the gases from 
which, however, are not free from carbon dioxide, although the 
firing conditions are more favourable, th(‘refore the Basset claim 
is not practicable. Calculations made by th(‘ author show tha/o the 
assumptions of Basset with regard to tJie process of combustion 
cannot be attained in the continuous melting of iron and that it 
is not possible to prevent re-oxidation of the metal. If the ore 
contains a considerable amount of gangue, the reduction of the 
iron is mad(‘ difficult, and a part of the reduced iron will contain 
slag. A Vnaterial balance sheet shows that under the most favour- 
able conditions the coal consumption must be greater than the 
600 kg. per ton claimed. A heat balance sheet shows that the 
Basset process is not so economical as the blast-tonace, and^ 
in addition the energy available from the waste gas(‘s is onl^ 
11-4 h.p.-hrs., as compared uith 15-6 h.p.-hrs. for the blast-furnace, 
per ton of metal produced in 24 hrs. 

Manufacture of S'^el. 

The results of an important investigation of opeti-hcarth steel^ 
practice have been published by F. Clements,® whc> has conducted 
his experiments in a Otbton Siemens furnace. The interest taken 
in this paper and the amount of discussion devoted to it are 
indications of the anxiety existing for the introduction of methods 
of working which are most efficient and economical. It is pointed 
out that the need for systematic research work into all the opera- 
tions connected with the production of steel in the open-hearth 
furnace becomes evident when such an investigation is under- 
ta-cen, owing to th(5 paucity of reliable and Consistent data, and a 
combined effort ought to be made by steel makers to systematise 
similar investigations. A complete examination. is made of the' 
chemicai balance of the operations. One of the striking features 
in this ^connexion is the large amount of oxidation of carbon, 
silicon, phosphorus, and manganese which takes place during 
the melting period^ The heat balance, deduced from the chemical 
balance, is considered, and the advantage of charging molten metal 
is clearly 4iown, for the heat brought in by the molten metal 
is 40*5% dr the total shown and much less than the quantity which, 
would have been required to melt it. ‘The overall thermal 
efficiency of the process amounts to only 16-98%, indicating seriCM 
heat losses which are allocated as follows : Radiation from 

^ ’ StaM u. Eisen , 1921, 41,- 1841 ; J., 1922, 59a. 

» J: Iron and Steel Inst., 1922, 105, 429 ; J».. 1922. 550a. 
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i-nd port ends 44*2% ; radiation from regen«ators, lfe-6% ; 
•adiation from flues^ 4-1% ; heat loss with gas to Ihimney, p6*2%. 
Che heavy radiatioij loss which takes place from the furnace body 
s entirely dependent on the temperature ruling in the bath, the 
irca of the radiating surfaces, and the conductivity of the material 
ised in the construction of the furnace. It is pointed out that 
liter uu‘lting, the heat contributed by the exothermic reactioiJS 
.nv(Jv ed in the removal of the elements is considerable, and by an 
increase in the temperature ruling in the bath sfeveral advantages 
ire secured, for example, the slag is maintained in a more fluid 
and workable condition, the time of wx)rking is reduced, and 
p’cater advantage is taken of the heat of chemical reaction. A 
iiiglu r working temj)erature in the furnace may be attained by 
r(‘dijcing tlie quantity of excess air admitted or by regenerating 
du‘ air and gas to a higher final temperature. The efficiency of 
die sy.^tem of regeneration is critically examined and the various 
[actors involved in an efficient system are indicated. The fuel 
[•onsumption used in the calculations was 3 cwt. per ton of steel, 
l»ut, if radiant heat losses were prevented, it possible that the 
consumi^tion vould not be greater than 2 cwt. })er ton of metal. 

A design for a 100-ton furnaeq is suggested, in which the usual 
positions of gas and air uptakes are reversed and the gas reverse 
yaluc‘S are as near the regenerators as possible, and arranged 
to shut off the supply to the furnace whilst reversal takes 
place. 

A valuable critical comparison of the manufacture of steel in 
three ty])e8 of furnaces — viz., the Talbot, Wellman, and Martin, 
is made l’V,d. Puppe.® The results were obtained at Witkowitz, 
where* coke-oveix gas is mixed with y)roducer-gas for use in the steel 
furnaces. As the hearth of the Talbot furnace remains covered 
with charge, the durability is greater than that of the Wellman 
or Martin furnaces, .Tjnd the consumption of refractories is less. 
The method of working the three furnaces and the progress of 
melting as regards metal and slag are showm in a series of diagrams. 
The dephosphorisation of the mixer iron in the Talbot furnace 
tak( .s plae.e in I J hours as compared with 3|‘ hours for the Wellman 
and Martin furnaces. The durability of the ladles in the Talbot 
proees'^ is also greater, as no slag goes into them. All three 
fuinaccs s^em equally good as regards quality of material in the 
range of steels made. The most suitable proportion of scrap 
was l‘(aind to be, Martin furnace 30-40%, Wellman furnace 20-25%, 
Talbot fudieee 5-15%. The ferromanganese consumption is least 
in the Talbot furnace. The consumption of oxide additions and 
lime is greatest In the Talbot i>rocess and least in the Martin. 
The fuel consumption is least in the Talbot. The ratio of the 

• u. Eism, 1922, 42 , 1, 46 ; J., 1922, 143a. 
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daily product!^ in heats was 4 5 : 3-6 : 2*8 for the Talbot, 
Wellman, and ifcartin furnaces respectively, the time per ton of 
steel being least in the Talbot furnace. „ 

The possibility of economising in the consumption of manganese 
as a deoxidiser and recarburiscr of the metal in basic converter 
and open-hearth practice is pointed out by‘K. H. Eichel.^® It is 
cfciimed that in the Thomas process, by previously melting the 
manganese alloy (ferromanganese in an electric furnace 3 nd 
spiegeleisen in a reverberatory) and adding it to. the steef in the 
molten condition, a saving of 25-33% is obtained as compared with 
the addition in the solid form. The molten-metal method allows 
the manganese addit ions to be made in the ladle, and after allowing 
the slag to rise, a second quantity may be added to complete the 
deoxidatidvi. The most suitable temperature of the steel is between 
1400° and 1500° (I, as at this temperature the manganese diffuses 
into the bath with great rapidity, exerts a maximum deoxidising 
power and forms a homogeneous alloy. Part of th?^ manganese 
may be replaced by silicon, but this should not exceed 10%, nor 
fall below 5% of th^ total manganese added. Carbon may be used 
instead of silicon. In the open-hearth method the manganese 
loss increases with the time taken .fof the removal of phosjiorus. 
The rhodochrosite and fluorspar methods^or reducing manganese 
consumption are described. The fonner is suitable only in the^ 
manufacture of hard steel, and for the fluorspar method the charge 
should be low in phosphorus, as with large quantities of fluorspar 
there is a danger of rapid corrosion of tlie furr^e walls. 

Some useful instructions on methods for obtaining the best 
results in the manufacture of nickel steel inV acid open-hearth 
furnaces are given by W. P. Barba and H. M. Hov^e.^^' The steel 
should be brought to the desired con^sition in the ladle immed- 
iately before pouring into the mould and should be freed as far as 
possible from oxygen at this stage. To ^prevent segregation, 
columnar crystallisation, and piping, it should be poured at the 
lowest possible temperature, slowly at first, then as rapidly as 
possible. External cracking is prevented by tapering, the mould so 
strongly that the ingot readily frees itself immediately after pouring, 
j,while internal cracking is avoided by removing the ingot from the 
mould as soon as possible, allowing to cool in ashes, and by 
toughening, by subjecting it to ^ series of light reductions under a 
hammer or press. . To prevent retention of inclusions in the steel, 
wHch is a well-known trouble with nickel steel, the metal should 
deoxidised as fully as possible by means of pig iron at as high a 
temperature as the furnace will permit, then further deoxidised b^J 
xheans of silicon before adding manganese, and finally it should 

' “ Montan. Bunds., 1921, W, 441 ; J., 1922, 178a. 

“ Iron Trad^ Rev., 1922, 749, 893, 1117 i J., 1922, 143 a, 
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held in the ladle for a sufficient length of time^ to pem&t the 
inclusions to rise to the surface. 

Foundry Practice. 

At the annual general meeting of the British Cast Iron Pv-esearch 
Association, held on November 24th, Lord Weir dealt with the 
general trade depression as regards foundry practice ; he coiy 
sidored that the depression would not lift unless the foundries 
played *a big part in lifting it by better processes and methods, 
making fewer bad castings, decreasing their cost and reducing 
prices to what customers could afford to pay. In no branch of 
engineering is it so difficult to obtain a reliable explanation and an 
effective permanent cure for any specific trouble than in fountiries. 

The difficulties of controlling the composition of iroy castings 
an* w(‘ll illustrated by H. J. Young,'* who gives tables showing the 
differences between analyses of irons as advertised and as received 
from the works. There is no doubt that the large number of 
important variables which have to be considered in an iron foundry, 
render the problem of regularity of production an extremely 
difficult one, but fortunately there are indications that greater 
interest is being taken and more systematic investigations are 
being carried out in connexion with foundry practice, so that an 
early result should be a more scientific management and control of 
^ our foundries with attendant improved results. The chief 
developments in grey iron foundry practice are connected with the 
production of semi-steel by the introduction of steel scrap into 
cupola mixtures. 

Physccal Properties of Iron and Steel. 

A large amount of work has been published during the past year 
on physical properties and allied subjects, and it becomes a difficult 
matter to select the material most suitable for a report of this 
description. 

The question of variations in properties of steels at different 
temperatures is an important one and has received attention at the 
hands of several investigators. L. Guillet and J. Cournot'® have 
described the results of experiments on a long range of materials 
at temperatures varying from -20° to -190° C., that is, the temper- 
ature of liquid air. They show that hardntfss increases witji 
decrease in t-emperature, that brittleness at low temperatures is a 
tbaracmristic of ferrite, and that pure austenite containing 
sufficient .(tickel is not brittle at low temperatures. Pearlitic 
steels containing nickel are very brittle at liquid air temperatures, 
but increased nickel additions lower this brittleness. On the other 

Foundry Trade J., 1921, 24, 497, 611. 

“ Qinie Civil, 1922, 80, 1Q2. 
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hand, k. J. French^* has carried out f-onsile tests at high temper- 
atures on some vtructural alloy steels and has ^ shown that steels 
containing 1 % ^of chromium withstand the yciakening effect of 
increase of temperature to about 550" C. better than eithet' plain 
carbon or nickel steel. 

To the methods used for th(^ determination of hardness much 
attention has been given, and a notable advance in the use of the 
Brinell method has been made by R. L. Smith and G. E. Sandlai]^!,^'^ 
who suggest a definition for hardness as follows : — “ Hardness is 
proportional to the load necessary to produce a constant sized 
impression.” It is impossible to deduce the load required to give 
a constant impression from the Brinell formula and the authors 
suggest the use of a modified Brinell number obtained as follows : — 
Brinell lAunber at lOOO kg. x 0*9 + where d is the 

diameter of the impression in millimetres. From this new formula 
also may be calculated the load required to give any size of 
impression. It is w(;ll known that the ball test fails with the 
higher hardness numbers, above 525 for example, and the authors 
have done good service by ascertaining that an uncut diamond 
with a natural pyramidal point may be used for the determination 
of hardness over the whole range. Each diamond used must be 
calibrated separately owing to the differences in shape and size. 

Much material has been published on impact tests, various 
classes of repeated and alternating stresses, etc. A useful summary 
of the position of our present knowledge on brittleness and fatigue 
in metals has been given by C. H. Desch,^® who suggests that it 
should not be long before the actual values of the resistance to 
tensile stress and to shear, measured between adjoining planes of 
the space lattice, can be computed. The author considers that 
when this stage has been reached, the testing of metals will have 
been placed on a scientific basis with the greatest advantage to the 
practice in mechanical testing laboratories. „ 

The actual mechanism of hardness is a fruitful field for specula- 
tion, and in this connexion the view of Z. Jeffries and R. S. Archer,^’ , 
that the hardness of a metal is due to the distribution of hard 
particles in the mass which hinder the internal slip in the metal 
under stress, is not considered probable by K. Honda.^® According 
to Honda, hardness may be due either to molecular force or to the 
crystalline structure of metals. The molecular force exerted 
between two atoms is a differential of forces of attraction and 
yepulsion, and a substance may be said to be hard if a variation 
in the relative configuration of the atoms sets up largo forces 

** U.S. Bureau oj Standards Tech. Paper No. 205E. 

Inst. Mechanir.al Engineers J.y 1922, No. 3, 623. “ 

Trans. Inst. Eng. and Shipbuildersy 1922, 65* 21. 

” Ohem. and Met. Eng.y f921, 24, lO/)? ; J.y 1921, 515a. 
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between atoms. A pure metal or a solid solution being ^homo- 
geneous, its hardness depehds solely on molecv^ar force. In a 
metal having a crystalline structure hardness increases with the 
fineness and strained state of structure, and for*equal values in 
tljcse properties, the greater the molecular force developed by a 
given displacement in|the atomic configuration, the greater is the 
hardness figure. In practice cold working or overstraining results 
in fine crystals in a highly-stretched state while annealing relieves 
the rain and favours grain growth. 

Metallography etc. 

Attention has been called by N. T. Belaiew^® to the great variation 
which exists in the distance between adjacent cementite h^ellsc 
in slowly-cooled carbon steels. The coarseness of tbft pearlite 
thus formed is dependent on the position of a secant plane. From 
actual observation on a projection of lamellae on this plane, it was 
found that as the angle of inclination (a>) of the secant plane became 
smaller, the distance between lamellae wdll appear greater. It is 
]>robable that the formation of pearlite during the Arl transforma- 
tion is due to a crystallographic rearrangement with a certain 
linear velocity proceeding from nuclei. New a*iron grains are 
built up in this way. The arrangement of cementite lamellae in a 
]>earliU^ grain is roughly parallel to the crystallographic plane of 
the grain. The angle of inclination (w) may be computed from the 
equation Cos eo - - A^/A^ in which A^ is the actual distance 
b(‘tween lamellae on the secant plane (o) and A„ the distance on 
a se(!tion inclined at an angle, o). These can be measured on 
l)liotomicrographs, and it is suggested that the value A^ might be 
taken as ofie of the characteristics of steel indicating the thermal 
conditions during the Arl transformation. The more uniform the 
heat conditions, the more constant will be the value of A^,. 

The formation of globular pearlite during the cooling of carbon 
sUicls has received further attention, and J. H. Whiteley-*® has 
investigated the mechanism of its formation in relation to the 
changes which take place during the A1 transformation. When 
ir(ai is heated, complete solution of the carbide constituent of 
pcai lite is effected only after a period depending on the temperature 
above the A I point, and the size of the pearlite grain. On cooling, 
any undissolved particles form nuclei in the siilid solution at the 
transition point, and the pearlite* formed is globular. The true 
transition point may be determined by observing the temperature 
at which the nuclei commence to grow. If no nuclei be present, 
the Arl transformation does not occur, even under slow cooling 
c')nditions, until- the temperature has fallen below the true 

J. Iron and Sted Inst., 1922, 106, 201 ; J., 1922, 419a. 
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solubikty, and it would seem that lamellar pearlite will not grow 
until a certain of supersaturatibn is reached. The presence 

of globular pcarute induces an eaylier growth of lamellar pearlite in 
adj acent areas fi’ce from nuclei. The exclusive formation of lamellar 
pearlite indicates the entire absence of carbide nuclei from the solid 
solution. The effects on the tensile tests obtained by spheroidising 
the cementite arc given by H. Q. Ibsen, the most striking result 
being a remarkable increase in ductility. 

The microscopical structure of steels has been examined fi oni the 
standpoint of colloid chemistry by F. C. A. H. Lantsberry,^^ who 
suggests that the structures obtained by different rates of cooling 
of carbon steels may be explained as follows ; — Cementite is to be 
reganled as the dispersed phase, and ferrite as the dispersion medium. 
At high temperatures the degree of dispersion is great enough to 
produce the molecular solution austenite. As the material cools 
a temperature is reached at which the dispersed phase assumes the 
colloidal state and troostite is formed. Troostite sho^\'s a maximum 
solubility in acids, and is irresolvable, even under the liighcst 
powers of the microscope. Troostite may therefore be rightly 
regarded as a colldidal solution in which cementite is the dispersed 
phase. As the temperature falls the- phenomenon of coagulation 
occurs and sorbite is produced. Examin^ion of sorbite under the 
microscope indicates that it has the structure of a suspensoid. 
On still further cooling, ])earlite is obtained and the structure 
recalls very strongly the phenomenon of periodic precipitation. 

The colloidal state in metals and alloys has also been dealt 
with by J . Alexander, who suggests that the so-called amorphous 
phase in pure metals is an isocolloid consistingi of colloidal groups 
of metal molecules dispersed in still more finely-diVided metal. 
Such colloid particles are not truly amorphous, but may consist 
of ultramicroscopical crystals, and the expression “ amorphous 
phase ” might, with justice, bo replaced hy the term “ colloidal 
phase.” 

As a result of recent investigations, several changes are suggested, 
in the constitutional diagram of the iton-carbon system by K. 
Honda. During the cooling of molten cast iron, graphite separates 
in the range 1130°-1050° C., that is, after the solidification of the 
metal. A theory is suggested that graphite is not a direct decompO^ 
sition product of ^ cementite, but is due to a catalytic action uf 
carbon monoxide and dioxide on the cementite. The most favoiuS- 
^able temperature for graphitisation is just below the eutec^ 

^ Forging emd Heat Treating, 1922, 8, 300 ; J. Iron and Steel Inst., 1922* 
106, 389, 

«.J., 1922, 409r. 
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point 1130°-! 100°. The gi^phite line on tne aouDie aiagram^ 
should therefore ba, omitted. The critical point Ac as determinecf 
thermally indicates ynly the commencement of the transformation. 
X-ray examination shows that iron has always the centred cube 
sj)acc lattice structure below the A3 point, and thus j 8 -iron does 
not (^xist as an independent phase. The A1 line is drawn horizon- 
tally, and as in the author’s view the transformation is austenite 
ii^artcnsite ^ pearlite, the martensite line is absent, as martens- 
ite d(K‘^ not actually come into existence except in quenched 

The transformation of cementite (AO) is drawn as a dotted 
liori/oiital line similar to the A2 lino as the transformation is 
progressive from the lowest temj)erature to 215° C. 

It is pointed out by K. Honda and T. Kikuta-® that a transi’orma* 
tion ])oint is not a single temperature at which transfonhation car 
nccur, because, as the velocity of heating or cooling decreases the 
teitipcr;}iture of transformation varies, the tendency to the change 
being small at first, increasing to a maximum and then falling awaj 
by virtue of opposing influences, i,e., the internal viscosity of the 
.uibstanc( 5 . The conclusion drawn from experiipents on chromiurc 
and nickel steels, in which the transformation can be retarded, k 
tliat the Ar"l transformation is merely the retarded Arl (Arl 
transformation and not a separate phenomenon. 

The study of the nature of the constituents of carbon steels ha 
been carried further by the determination of the heats of transfor 
mation of austenite to martensite, and martensite to pearlite, bj 
N. Yamada. 2 ® The heat of the transformation austenite - 
inartx'iisite is found to increase linearly with the carbon, and amounh 
to 5 6 caloi;Jes per gram for eutectoid steel. The specific heats o: 
troostitcy sorbite, and pearlite have the same value within the hmiti 
of (ix^ierimental error, and the heat of dissolution of carbon in iroi 
also increases linearly with the carbon content and amounts t( 
1130 cals, per gram of carbon. 

The work of A. Westgren^’ on X-ray spectrographs of iron at 
different temperatures, mentioned in the last report, has been 
carried further, and A. Westgren and G. Phragmen*® have shown 
by X-ray photograms of an iron wire heated to 800°, 1100 °, and 
1425° C. that within the and 3-ranges iron has a body-centred 
cubic lattice structure and within the 7 -ran^e a face-centred 
(juijic lattiije. The transformation w^hich takes place at 900° C. 
(A3) is thus reversed at 1400° C. (A4). The 7 -iron lattice of 
Hustt^iiite steels is enlarged by the dissolved carbon. A steel with 
198% C ha^i a somWhat larger lattice when quenched from 

J. Iron and Silkel Inst., 1922, 106, 393 ; J., 1922, 418a. 

Ibid.. 106, 409 ; J., 1922, 419a, 

Ann. Repta., 1921, 6. 262. 

J. Iron and Steel /n«^.,*1922. 105, 241 ; J., 1922, 418a. 

p2 



22’^ REPOETS OF THE PEOGEESS (fF APPLIED CHEMISTRY. 

’110()°^C. than fvhen quenched from , 1000° C. The a-iron lattice 
martensite afso scorns to be influenced by l,he carbon present ; 
the range of q-iron lattice in martensik* is , extremely small. A 
steel with 0-S%C quenched in water from 700° C. it^ on the 
verge of being totally amorphous. 

CORKOSION. 

The corrosion of iron and steel is a subject of paramount impor- 
tance, and investigations are being carried out on a large scale 
under varying conditions wdth a view to elucidate problems con- 
nected with the phenomena observed, and of obtaining definite 
information as to the best type of material to be used under certain 
speeded conditions. In spite of the large amount of work which 
has beeif^done in tlui ])ast, it is still very difficult to decide what 
class of iron or steel can be expected to give best service under 
certain conditions. The whole of this year’s volume of Carnegie* 
Scholarship Memoirs, published by the Iron and bk^el Institute, 
is devoted to a series of reports by J. N. Friend,*'® dealing with 
various aspects of ^ the coiTosion of iron. The volume contains a 
critical survey of our gresent knowledge of the corrosion of cast 
iron, and in addition, the author deals with the protection of iron- 
Vith paint against subaqueous corrosioi^ the influence of strain 
and of temperature upon the corrosion of iron, and also with the 
colloidal theory of (jorrosion. . ^ 

The internal corrosion of cast iron w^ater ^^pns is of considerable 
importance, and W. Ransom*® has shown ‘^at there are several 
forms in which rust appears. These have been classified as follows t 

(1) Coarse blotches or blisters, which increase 'by the ^ addition of 
concentric layers, and may form deposits 1| inches in thickness ; 

(2) a rusty slimy mud, with a yellow tinge ; (3) a graphite change 

in the metal, causing it to assum^fa spongy nature. Tliis action 
may take place in spite of a protective coat, vind the only safeguard 
is to have mains of good quality. Besides the ordinary corrosion 
of mains, a flocculent black slimy matter is deposited by water,, 
containing iron in solution. If such waters are slightly acid by 
reason of vegetable matter, such as peat, an organism known as 
creaothrix develops. Tlie germs attach themselves to the inner 
surface of the main and live on the carbon compounds of iron, and 
iron oxide is deposfted during growth. The remedy for ^his troubloj 
is the removal of the vegetable matter by filtration, and the iro^ 
joy moans of aeration, 4m 

The corrosion of iron pipes in alkaline soilij has been ihvestiga^w 
by J. W. Shipley,*^ who shows that the process is electro-chenrflil 

•*Vamegie Schol Mem., 1922, 11 , 161 pp. ; J., 1922, 300r. 
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in nature. The process is # complicated tj on 

several variables of •which the composition of the nfttal, the nature 
of the soil in (jonta^t with tlie nfctal, and the m(\yemcnts*of the 
^]T)iind waters are the most important. The corrosion of cast iron 
hy soil salts is of the gra})hitic softcming type, and of the soil salts 
th()S(‘ of magnesium aiV the most corrosive. Local action induced 
bv naturally occurring concentration cells may easily be a factoi 
in the corrosion of iron pipes. The presence of calcium sulphate 
in a litm^y silt soil gives a slight acidity to the ground waters which 
])roinotes auto-corrosion of the cast iron due to the stimulation 
])i <n i(l('(l to the graphit(siron couple l)y the presence of the 
liydrogc'u ion. 

Sir 11. A. Hadfield'‘2 has described the preparation and properties 
of flic f(Trous nu'tals used in the research on corrosion 1?^ a com- 
i!iit1('(' of the Instiiution of Civil Engineers formed in 1916 to 
inv(‘sti^^‘lle the det(‘rioration of structures exposed to sea-w^ater. 
Tin' investigation deals with 14 types of metals, which may be 
(ii\id('d into four main sections, inz. : (1) rolled and forged irons ; 

carbon steels ; (S) s])ecial steels ; and (4j cast irons. The 

th('nri(*s of corrosive action and the behaviour of special materials 
ar(' discussed and it is pointed out that the bene (ieial effect of copper 
t on tli(' r(*sistance of steel to corrosion is not fully established ; 
for pr(^v{'nting or mitigating corrosion, the addition of copper to 
stei'l is not generally advisable. The resistance of non-rusting 
ste('l to corrosion when almost constantly wetted by sea-spray, 
(lepc'iids on its physical constitution. Attention was called to the 
wastage due to corrosion, and it was suggestc^d that of the 1860 
million tons^of steei produced in the period 1860-1920, 660 million 
tons v as ])rohabiy lost by rusting in use. The loss due to corrosion 
in 19 l' 0 was estimated at 29 million tons. 

The relationship of acid attack and ordinary corrosion is of con- 
siderable importance 4rom many points of view. The rate of 
solution of iron in dilute sulphuric acid is shown by J. A. N. Friend 
iuu-1 J. E. Dennett'*^ to be directly proportional to the velocity of 
rotation of the mixture. At 4000 revolutions per hour there is 
uo falling off in the rate and the phenomenon is independent of 
tli(' (‘oiieentration of the acid. It is thus shown that the solution 
of iron in sulphuric acid is not analogous to the corrosion of iron 
in aerated ^water.®^ In stationary; mixtures, dilute solutions gf 
t^f'iloids. gum, etc. greatly retard the solution of the metal, while 

ris(‘ of temperature increases it. 

• • 

Min. Proc. Inst. Civil Eng.., 1922, 91 See also Proc. Roy. Soc. , 
AlOl, 472 ; J., 1922, 761a. 

(^hem. Soc Trans., 1922, 121, 41 ; J., 1922, 179a. 

Atm. Repts., 1921, 6, 207. 



NON-FERKOUS METALS. 

By C. A. Edwards, B.Sc., and H. I. Coe, M.Sc. 

CoNDiTiOTiTS in tho non-ferrouH industry during 1922 show a slight 
improvement on those which existed in 1921, and tho prospects 
of a recovery from the depression in trade of the last two years 
are now favourable. Post-war stocks of metals are diminish- 
ing and, in consequence, some of the common metals show a 
tendency to harden in price. 

At home tlie metal industries have not been seriously interfered 
with by industrial troubles, but in America the prolonged coal 
strike resulted in a reduction of output ; its effect was loss serious 
than it would haVe been in previous years, on account of the 
prevailing depression. The settlement of labour difficulties on 
the Rand has permitted of the o})erating of several mines whicl^ 
would otherwise Iiave been closed down, Dn account of the steady 
fall in the price of gold. 

A search of the technical literature indicates that, with few 
exceptions, little, if any, new plant has been laid down ; in fact, 
in most cases it has been found impossible to keej) the whole of 
existing plant in operation. It appears thai the most serious 
hindrances to a return to at least pre-war conditions afe the insta- 
bility of the foreign exchanges and the unsettled state of the 
international situation, and any improvement in those respects 
will be soon reflected in an increased demand for metals, with the 
consequent increase in price and production. 

The Metallurgy of Copper. 

New uses for copper have not developed to any marked degree, 
and though the future may see a largely increased demand for 
electrical purposes, many big electrification schemes have not, as 
yet, been put into operation, and present consumptioii shows no 
sign of early marked increase. 

Production in America for the three first months pf the ye^ 
showed a steady and increasing improvement on the nine 
months of 1921 ; at the same time productio^i in March, 
amounted to less than half that of the corresponding month of 
* Progress in extractiorv has been almost entirely along the 
of hydro-metallurgical treatment. A large amount of work Jw 
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been carnea out during the<year, chiefly in Amerila, on the treatr 
ment of low-grade’ ores, and several interesting papers haye been 
published giving the results of treatment of ore bodies on both an 
experimental and a largo scale. An interesting review of the 
methods of treatment is given by H. W. Morse, ^ who discusses 
particularly the extraction of copper from low-grade mixed sulphide- 
oxide ores. He points out that while the recovery of sulphidfe 
niiiwra} is satisfactory when using modern flotation methods, the 
re(^ov(^ry of the oxidised portion is small, and that better recoveries 
of oxidised copper were made before flotation methods were adopted. 
Where the oxidised copj)er is present as pure carbonate flotation 
after filming with sulphide often w'orks satisfactorily, and jwhere 
such a method can be applied it may be tlie best solution of the 
inix(‘d ore problem. Unfortunately, much of the oxidised copper 
In the large })orphyry mines is in the form of copper silicate and 
flotation may lead to nothing. The ore is so impregnated that a 
bright blue colour may mean no more than 1 or 2% of copper. 
M')rs(‘ ref(irs to very interesting experiments which have been 
(iarri('d out by agitating fine crushed ore with ijol vents in Pachuca 
tanks, precipitating the copper by means of finely-divided iron and 
floating th(^ precipitated coppe? and sulphide together. In view 
6f th(‘ large amount of mineral of this kind which occurs in various 
})arts of the world, this suggestion appears most valuable. 

Reference is made to the use of sulphur dioxide for leaching 
purpose's, and it is stated that tests show the leaching results to be 
good, thougli the action on dilute silicates is much slower than that 
of sul])huric acid. ^ 

Ammonia, with the addition of ammonium salts, has been 
s\icccssfully applied at the Calumet and Hecla mine (native copper), 
and at the Kennecott mine (oxidised copper) ; in both cases the 
use of an acid leach is impracticable on account of the high propor- 
tion of calcitc in the ore. 

One of the following treatments should be successful on most 
classes of low-grade ore : — (1) 8ulphidising flotation. Most economi- 
cal if practicable. (2) In the case of certain ores with copper as 
sulphide and oxide in approximately equal amounts, leach out the 
oxide, re-grind, and recover the sulphide by flotation. (3) Leach — 
precipitation — flotation. (4) Heap leach as ydth Spanish ores. 
(^') Sulph:.^ising roast for low-grade concentrates high in pyrites.* 

Tlu' leaching of copper ores with sulphuric acid is described by 
A W. Allen, ** who, after giving an account of experimental work 
conducted on an ore containing* 1-4% of copper, describes a plant 
having a capacity of 5000 tons per day. Details of the methods of 
mining, crushing, and charging the vats are given. The twelve 

^ Min, and Met., 1922 , 27 , 15 . 
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leaching vats, 8ft ft. x 88 ft. x 17 fti 4 in. deep, are constructed 
of reinfprced corwrcte with wooden bottoms ; thF3 sides are covered 
with 8-lb. lead protected from abrasion by 2-i|i. planks, and have 
each a capacity of 5000 tons. The ore is leached with 10% sulphuric 
acid, portions of the circulating liquors being withdrawn to percolate 
fresh charges. When almost neutral the liquors are passed to 
tbwers in which they come in contact with sulphur dioxide, which 
reducc's iron in solution as ferric salt to the ferrous state, this 
reduction of ferric iron to a low percentage being essential in order 
to permit of successful electrolysis with the use of insoluble anodes ; 
ferric salts tend to dissolve the copper on the cathodes. The 
principal features noted in regard to the leaching operations are : 
(1) upward submergence and percolation ; and (2) a high rate of 
flow. A f^covery of over 80% of the copper in the ore is anticipated. 
W. E. Grcenawalt'* emphasises the serious interference of even 
less than 1 % of ferric iron in the electrolyte with the efficiency of 
electrolysis, and describes a method of reduction by sulphur dioxide, 
which he claims constitutes a miarkcxl improvement on the use of 
scrubbing towers. . Briefly his process consists in sprapng the 
electrolyte in a stream of hot gases containing sulphur dioxide 
from roasting furnaces. He suggests*" also the use of precipitated 
copper sulphide as a reducing medium. 4? 

Other papers dealing with the hydro- metallurgy of copper are 
those by J. Irving^ and P. B. Middleton.'^ Irving gives an inter- 
esting outline of Spanish practice in heap* leaching and makes 
reference to similar work which is carried out at Bisbee, Arizona, 
on an ore containing 0-9% of copper. He prefefs for precipitation 
of the copper a properly constructed vat system to the launders 
that are employed at Rio Tinto. In another paper the same writer 
describes the application of sulphur dioxide to the leaching of ores 
of low grade, and states that recoveries up to 90% can be obtained 
from oxidised ores of high acid-soluble copper content and from 
those that require a preliminary roast ; in the latter case the 
solvent required is produced in the roasting operations. Middleton 
refers to the high solvent power of ferric salts on roasted copper 
ores, and the difficulties that have been encountered, owing to the 
precipitation of basic salts which interfere with filtering, and 
suggests a method of overcoming this difficulty by the removal of , 
colloidal matter by Dorr bowl-classifiers or hydro-separators. 

The application of the electric furnace to the smelting of coppe# 
ores is described by C. S. Witherell and H. 5- Skouger,® who gi# 
an account of experiments made at SuUtjelma, in Norway. The 

* Eriff. and Min. J. Press, 114 , 712 . 

11 * 8 , 714 ; 114 , 

* Ibid., 114 , ' 461 , 

*Ibid., 
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funiaco, illustrated by diagrams, is a non-tilting V^lectric furnace 
suitably lined and J)Ossessing matte and slag taps, a gas vept, and 
caibon ob^ctrodes pissing through the roof. Tho electrodes dip 
into the slag but are kept a considerable distance from the matte 
layer, and the heating is effected entirely by the current passing 
through the slag between the electrode tips. During the war 
snu'lting of dressed sulphide ore was successfully carried out iA 
small furnaces, and a IlOOO-kw. furnace was built which it was 
es1imat('d would smelt 100 tons of charge per day ; it was not, 
how e\ er, ])ut into operation on account of the poor market for copper 
afti'r the war. (Certain advantages possessed by the electric furnace 
foi- sm(‘lting eop})er ores are obvious, and the jjossibility of wqfking 
iiigh-silica and relatively non-corrosive slag is specially munitioned. 
The siK’cess of the electric furnaces will clearly dej)end on the price 
of t'leetric power as compared with that of other fuels, and there 
arc g(>>d prosjK^ets of its use in countries possessing cropper deposits 
and cheap supplies of power. 

METALLURCjY OF TiN. • 

Th(‘ consideralilc increase in the price of tin, if it has not been 
artifieially ]iromoted, promises well for the rc^covery of an industry 
which has felt most severely the recemt depression. Very little 
information of a technical character has bc^en made public during 
tlu‘ y(‘ai'. (h W. Dudgeord gives an account of a modified treatment 
of a ’i"/, tin ore by concentration at the Mount Bischolf mill in 
11)20-21 , which has resulted in an increased extraertion. Essentially 
the improvem(‘nt consists of the recovery of a third product in the 
sliim* ])lant* cordaining l-5-4-5% of tin ; the top first foot of the 
])yritic portion of the reject from the various concentrating tables 
was found to assay slightly over 2% of tin, and this was re-treated. 

Metallurgy of Nickel. 

An illustrated account of the operation of nickel refining at the 
tivd.ach, South Wales, works of the Mond Nickel Company is 
giva n in the ‘‘ Metal Industry.”* For many years so little has been 
published concerning the extraction of nickel that the information 
given, though not entirely new, is interesting^ A flow sheet of 
the maj('i ®j»erations is printed. • 

Ivef('rences have been made in the daily press to experiments 
w hich are being carried out in South Wales on the production of a 
coating of uickel or nickel alloy on steel ingots which are subse- 
quently rolled to, nickelled plates, which it is thought may be 
substituted for tin plates for many purposes. Even if satisfactory 

’ Bull, Inst. Min. and Met., May, 1922. 

® Metal. Ind., 1922, 20, l49. 



234 


KEPORTS OF THE PROGRESS oi APPLIED CHEMISTRY., 

results are obtained it is uncertain liV)w far popular prejudice is 
likely seriously to retard nickelled plates iwalli^g tin plates in the 
industries. In the canning traded there seems (to be little prospect 
of the latter being displaced, but there may be a useful future for 
the former in other directions. 

F. E. Lathe* gives methods for the determination of copper, 
rfickel, cobalt, silica, acidity, etc., which are used in the laboratories 
of nickel plants. The various methods for the determination of 
nickel and their relative merits are fully discussed ; specially useful 
details of the cyanide titration method as applied to ores and 
products are given. 


Metallurgy of Zinc. 

The year has seen a partial recovery from the collapse of the 
spelter industry, and a number of furnaces are now in operation 
in this country. There are, as yet, no indications of any revolution 
in the processes of smelting zinc ores. Blast roasting of ores and 
treatment of residues are receiving greater attention, as the low 
margin of profit tn present-day smelting operations is forcing 
consideration of these matters on managements. 

A. Bordeaux^® gives an account of th^ Norwegian process of 
electro-thermic smelting in the Tharaldsen resistance furnace and 
the Swedish process used at the Trollhattan works. 

The important progress made in recent years in the production 
of zinc by the electrolysis of zinc solutions continues, and Tasmania 
has now to be added to the list of areas in which electrolytic zinc 
is produced in quantity. The present potentiaBworld’s production 
of electrolytic zinc is said to exceed 125,000 tons per aCnnum. 

It is claimed that, granted the production of a high percentage 
of soluble zinc in the roasting of ores, the cost of the production 
of -zinc by electrolysis would compare favourably with the eost 
of smelting in retorts, as the cost of power should not much exceed 
the cost of the fuel required in retort smelting, w^hile reduced, 
labour charges and the greater purity of the product should balance 
the greater cost of plant. It is hardly surprising that relatively 
great headway is being made by electrolytic processes, more particu- 
larly in those countries where water power is available. 

A paper of exceptional importance has been published by F. 
Eaist, F. F. Frick, J. 0. Elton,*' and R. B. Caples.^^ The authors' 
^mphasise that the zinc sulphate solutions must be quite free from 
metals more electro-negative than zinc, such as copper^ cadmium, 
lead, arsenic, antimony, etc. ; arsenic and antimony are especially 

• J., 1922, 270t. 

La HouiUe Blanche^ 1921, 2Q, 223 ; Rev. Mit. (Abstracts), 1922, 207/ 

^ Proc. Amer. Inst. Min. Met. Eng.^ 64 , 699; see Rev. Mdt.^ 1922, 
f88, 263. 
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objectionable and their pr<isence in the electrolyte results in a 
serious loss of current. The difficulty of deposition in the presence 
of traces of impurities is explained as being du^a to the greatly 
increased solution tendency of impure zinc in sulphuric acid as 
cftrnpared with that of pure zinc. 

Tiie authors folloW^an account of the initial laboratory experir 
menis with a description of the plant, which was enlarged in 19r8 
to yield a production of 150 tons per day. The necessity for the 
])rod action of a high percentage of soluble zinc during roasting 
and foi' the production of sulphuric acid to cope with the demand 
for solvent involved a careful study of the best roasting conditions ; 
the temperature most favourable to a sulphatising roast was ffiund 
to b(' a dull red heat, 550''-r)00° C. The soluble zinc obtamed with 
conc.(‘utrates assaying 33% Zn and 20% Fe, amounteu to 85%, 
and with a higher grade material, for example 50% Zii and 5% Fe, 
it was 94% ; the Avatcr-soluble zinc amounted to 14-20%. 

Leaching is carried out in two stages, the first leaching being 
conducted with a mixture of acid from the electrolytic baths and 
die prepared leaching liquor. Calcines and, leach liquor are 
agitat(‘d in a series of seven continuous Pachuca tanks ; the over- 
flow from classifiers passes to Dorr decanters to give a clear liquid, 
which iiasses to the purification tanks, and a product containing 
50 of solid matter, which is subjected to a second treatment 
with leaching acid. In the first leach the following changes are 
(‘ff(‘eted : (1) three-quarters of the soluble zinc passes into solution ; 
(2) iron is oxidised and precipitated ; (3) gelatinous silica is coagu- 
latcxl and rendered granular by excess of base ; (4) arsenic and anti- 
mony arc'. (;omplet(.ny precipitated ; (5) 80% of the copper is precipi- 
tated as hydroxide by the exe.ess of base (lime) ; and (6) most 
of the zinc and 20% of soluble cadmium go into solution. Purifica- 
tion of the liquors is based on the fact that an excess of zinc powder 
will completely precipitate copper and cadmium. 

The electrolytic works contain six units with 144 tanks in each 
unit. At full charge the current density is 30 amps, per sq. ft. ; 
the; fall of potential across each bath is 3*8 volts when operating 
with electrolyte containing 10% of acid. The total amperage is 
10,000, and the voltage 500, and 4^ kg. of zinc is deposited per 
h.-p.-day. Cathodes are stripped every 48 hrs. and give two leaves 
(^f zinc w^hing 8 kg. ; gelatin is added to thd electrolyte so that 
'Icnser deposits may be obtained. 

The authors deal fully with the melting of the zinc, the production 
of zinc poVder, and the treatment of residues. 

An interesting description of a scrubber of the water-spray type 
for cleaning metallurgical smoke has been published.^® This 
scrubber was found to yield more satisfactory results than any 


and Min. J., 1922, U8, 198. 
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other type of cleaning appliance at Ducktown smelter when 
applied^ to gases containing 6-S% by volume af sulphur dioxide, 
and a fume coni^nt of 2-2 lb. per ‘1000 cub. ft. f a fume consisting 
largely of zinc oxide was recovered and the cleaned gas was used 
for the manufacture of sulphur. 

Mktallurcjy of Lead. 

The demand for lead has been comparatively keen during dhe 
year. Relatively littk^ has been published concerning the extraction 
of the metal from its ores, though a certain amount of information 
on subsidiary processes, such as fume deposition, is to be found 
in thcj^echnical journals. 

The** development of flotation concentration processes has un- 
doubt(‘dl;^ enabled production to proceed in spite of the relatively 
low prices which have prevailed during recent years. 

Mp^talluroy of Gold and Stlyer. 

No striking advances are recorded. On th(‘ Rand th(‘ decantation 
process in cyaniding continues steadily to be abandoned in favour 
of agitation' and filtration processes. J^roduction of gold in South 
Africa in October nearly approached the record pre-war monthly 

output. ^ 

W. Oullen^'' gives recent and interesting statistics concerning 
the output of the Rand goldfields. In 1921, 24,000,000 tons of 
ore was mined, producing gold of the value of £42,000,000 (including 
premium), or approximately 50% of the world's production. An 
outline of practi(^o at one of the most successful South African 
plants— that of the New Modderfontein Gold Mining Ca\ — is given 
to indicate the processes which are in general use to-day. The 
mined ore, after spraying with water, is discharged into cylindrical 
trommels, which serve to separate about 40% of fines from 
the coarse ore, which is subsequently hand-picked on belts, the 
reject assaying less than one dwt. per ton. The coarse material, 
after passing through gyratory crushers, is conveyed to the stamp 
mill bins, from which it is fed to the battery. The pulp flowing 
out from the stamp battery screens passes to classifiers, which 
yield slimes that are by-passed to the slime department, and coarse 
material which is treated in standard tube mills. Selected^ ore 
pebbles are emploj^ed in the tube mills to effect crushing. The 
crushed product passes over amalgamated plates, which extract 
45-65% of the precious metal, to cone classifiers. Sands are 
treated in the customary manner by percolation, and' slimes in 
Brown agitation tanks with subsequent filtration in a Butters 
vacuum filter installation. Residual sands and slimes are practi- 
cally barren. 

' w J.. 1922. 316 t. 
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An account is given of new methods which are to be put into 
operation in the extension of the Springs Mines plant, with a view 
of (‘liminating : ( 11 ) the amalganvition process ; and (2) the*produc- 
tion of sands, witlf a consequent large reduction m capital outlay 
(ill treatment tanks. Tlie suggested changes consist in the sliming, 
ill cyanide solution, (^ the whole of the product from the crushing 
jilant hy means of larger and improved tube mills, and then stage 
(‘lassiiieation by Dorr classifiers. It is estimated that capital costs 
ill ]>f reduced 20-40%, and working costs 20-25%. 

The (chemistry of the cyanide process is given briefly, and note 
is madi‘ of the changes that have been brought about in the way of 
reduced (a m sumption of chemicals during the last 30 years ; atten- 
tion is drawn to the‘- superiority of lime over caustic soda in regard 
1(» cost and the property lime jiossesses of facilitating t’te settling 
()1 slim(‘s. The recent operation of a refinery and mint in South 
Africa is also note^d. 


New Alloys. 

At the beginning of the ytw the Eleventh Alloys Research 
Re])ort to the Institution of Mechanical EngincNors^^ was published. 
Like tlu‘ three previous reports, it deals with alloys of aluminium 
and gives the most important results of extensive investigations 
carried out over a number of years, including the war period, when 
tli(‘ demand for light alloys served as a great stimulus to the detailed 
study of aluminium alloys. 

The properties of the alloy to the specification known as L5, 
and containing 12*5-1 4-5% of zinc and 2*5-3% of copper, are 
discussed and the characteristics of the material are made clear. 
Wh(Ml sand-cast this alloy gives a tensile strength of 12 tons per 
sq. in., and an ehmgation of about 3% on 2 in. ; i.c., providing the 
casting is thin or small. These figures cannot be obtained with 
larg(‘ eastings with thmk sections. Chill castings give much better 
tensile jirojierties. Weakness of this and similar alloys at high 
temperatures renders them unsuitable for many purposes for which 
ligbt alloys are desirable, and a search was made for aluminium 
alloys which maintain a large proportion of their strength up to 
ti'uipcratures of 300^-350° C. Copper-aluminium alloys containing 
ij}) to 14% of copper were found to be superior, while the further, 
iiddition of 1% of manganese yielded an alloy iwhich was actually 
i-' i-ongcn* at 250“ C. than at ordinary temperatures. Unfortunately, 
dilh( allies in producing these alloys in the foundry arose, so the 
cflect (?f <*iif‘kel was studied and ultimately an alloy containing 
4 A, of copper, 2% of nickel, and 1*5% of magnesium was found 
inost nearly to meet requirements. This alloy, known as “ Y ” 

“ On Some Allo^ '3 of Aluminium,” W. Rosenhain and S. L. Archbutt; 
see J., 1921, 861 a. 
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all&y, ivas also e^itisfactory in other respects, and could be worked 
easily ; in the form of rolled sheet it possessed ap ultimate strength 
of aboift 28 tons per sq. in., with an elongation of over 15% on 
2 in. The specific gravity was 2-79. 

The following table shows the results of a few tests on this 
material : — { 


Temile TeMs on Rolled “ Y ” Alloy (sp. gr. 2-80). 


Material. 

Condition. 

Elastic 

limit.* 

Yield 

point.* 

Ulti- 

mate 

stress.* 

Reduc- 
tion 
of area. 

O/ 

/O 

Elonga- 
tion % 
on 2 in. 

1 in. rod 

Hot rolled 

— 

12-0 

17-6 

30() 

20-0 


Quenched from 
^ 530" C. and 
aged . . 

7*7 

15-4 

24«1 

33-0 

230 


Cold rolled from 
li in., hot 
rolled, quench- 
ed from 530"C. 
and agocli 

7-7 

15-2 

24-2 

340 

25'0 


•Tons per •esq. in. 


T eft Is on “ y ” Alloy at High Temperatures. 


Temp. ”C. 

Sand cast. 

Heat-treated rod. 

Ultimate 

stress.* 

Elongation 
% on 2 in. 

Ultimate 

strefc.* 

Elongation 
% on 2 in. 

20 

11 

U9 

24-2 

24 

100 

— 

— 

22’5 

22 

150 

— 

— 

2U3 

23 

, 200 

, — 

— 

19-7 

24 

260 

10-3 

M 

» — 

— 

300 

8'5 

15 

— 

— 

350 

5-1 

60 

— 

— 


* Tons per sq. in. 


It was found that the resistance to corrosion of this alloy was 
.much superior to that of other strong aluminium alloys. The 
pjienomenon of a^jCing exhibited by many alloys of this kind 
after heat treatment was inveWgated carefully, and important 
.iponclusiohs were deduced. 

Other alloys which have recently attracted much attention 
, are those of aluminium and silicon. Aluminium possesses a solid 
solubility for silicon of 0*7% and forms a eutectic, melting at 570° 
•with i3*8% of silicon. L. Guillet,^^ in a discussion of these allofwal 

M4t., 1922, 2, 303. 
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states thal those containing up to 12% of sAicon have a specific 
gravity practically the same as that of aluminium ; they have 
a silver white coldhr and can be easily worked. The properties 
of the alloys are compared with those of 8% coJ^per-aluminium, 
10% zinc, 2% copper-aluminium, duralumin, and commercial 
aluminium ; in the cast condition the mechanical properties of the 
aluminium -silicon alloys compare favourably, in the worked coiy 
dition they are not so good, but when subsequently annealed the 
contiiayson is again favourable. Reference is made to the remark- 
able rcvsults which have been obtained in America by molting the 
13% silicon alloy with* a mixture of alkali salts. The constitution 
f)f the alloy is completely changed and the structure consists of 
fine particles of silicon in a ground of aluminium. The mcjterial 
when cast possesses a maximum strength of more than kg. per 
sq. mm. (12 tons per sq. in.) with an elongation of over i)%. The 
shrinkage is small compared with that of similar light alloys pro- 
duced 'in the foundry, and it is suggested that the alloy would bo 
useful for the manufacture of the cylinders of motors. In France 
;ihd the United States the alloy is manufactured under the name 
of Alpax, and in Germany under the name of SilUmin. 

J. J. Curran^* disagrees with Guillet’s explanation of the modifica- 
tion of the structure as being aue to the fluxing action on oxides, 
etc. of the alkali fluoride commonly used, and suggests that the 
modified structure is due to the introduction of sodium into the 
alloy by a reaction between the sodium fluoride of the flux and the 
silicon of the alloy. Though the evidence he presents in support 
of his suggestion does not appear conclusive, it receives support 
in a more recent p?iper by J. 13. Edwards,^’ who gives the method 
adopted by the Aluminium Co. of America for modifying the 
structure of such alloys ; it consists in the addition of very smaU 
amounts of metallic sodium, enclosed in sealed aluminium capsules, 
to the molten alloy a short time before casting. This writer refers 
to the best composition, the good casting properties, the low 
shrinkage, and the high resistance to corrosion of the alloys. 

Edwards states that a 11% silicon “ normal ” alloy in the form 
of a hydraulic casting withstood a pressure of 200 lb. without 
leaking, whereas a similar casting of ordinary aluminium-copper 
alloy leaked at 40 lb. pressure. 

7i. Jeffries^® traces the development of the^ alloys and gives 
photornicregraphs which make dear the marked differences m 
.structure in “ normal ” and “ modified ” alloys. He discusses the 
physical properties aijd recommends a silicon content of 4-10% 
for the “ normal ” alloys and one of 8-15% for the “ modified 

CUm, and Met. Eng., 1922 , 27 , 360 . 

” Ibid., 1922 , 27 . 654 . 

Ibid, 1922 , 26 . 370 . 
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alloys. The alloys^ cast well, and possess moderate strength, 
but do not machine so readily as standard copper-aluminium alloys. 
The piesence of iron renders them more easil;^ corroded, and the 
effect seems to be more marked in the alloys of higher silicon content. 

H. Sutton^® draws attention to the precautions that should be 
taken in the analysis of these alloys, and ^’•oints out the possifcle 
danger of loss of silicon during solution in hydrochloric acid, owing 
io the formation of volatile silicon chloride ; initial solution in 
caustic potash is recommended. 

Annealing and Recrystallisation. 

H. C. H. Carpenter and C. F. Elani^® havii extended their earlier 
work on crystal growth in pure commercial aluminium, and the 
results obtained are extremely interesting and significant. They 
have examined the influence of varying degrees of stress upon the 
crystal growth which occurs with subsequent annealing. As was 
to be anticipated from previous work, they found that there is a 
certain rather low critical stress beyond the yield s point which 
causes the most pronounced increase in the size of the crystals 
formed when the, material is afterwards annealed. As a result 
of most careful observations in this direction they have been able 
to produce large test pieces, consisting of a single crystal in each 
case. This important result, which h^ never previously been 
accomplished, enabled them to determine the mechanical properties 
of single crystals at different orientations in respect to the tensile 
pull. These experiments clearly indicated the influence of orien- 
tation on the character of the slipping that took place during plastic 
deformation, and they have opened up a new and i^iportant field for 
further interesting work. One remarkable reslilt which seems to 
necessitate a modification of previously held viewj concerning the 
mechanism of plastic deformation, and one which may not be 
without practical significance, is that a single crystal of aluminium 
is capable of undergoing a remarkable degreo of cold work without 
becoming materially hardened. 

Z. Jeffries and R. S. Archer enumerate the laws governing 
grain growth in metals and put forward suggestions to explain 
the causes of the phenomena observed. The articles give a useful 
summary of work on an important subject, which has attracted 
much attention of recent years, and towards which Jeffries has 
made important contributions. . Briefly, it has been fou^nd that the 
recrystallisation ' temperature is lower the greater the amount 
of cold work, the lower the temperature of working, the purer the 
metal, the smaller the grains before deformafion, and the longer 1^ 
time of exposure at the recrystallisation temperature. 

Metal Ind., 1922, April 21. 

*®>roc. Boy. Soc., 1921^A 100, 329 ; J., 1922, 17a. 

Ckem. and Met, Eng., 1922, 26, 343, 402^ 
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F. Adcock traces recryiStallisation in oupro-nickel (80% Ctt, 
20 % Ni) reduced* in thickness without intermediate annealing, 
approximately 50, 'SS, 88 , and 97^. Recrystallisation commenced 
in the material reduced 88 % at about 450° C. and the hardness 
fell rapidly on exceeding 460° C. 

r. C. Thompson and fe. Whitehead find the best annealing ranges 
for nickel-silvers containing 10 - 20 % of nickel to be between TOO*^ 
and* 801)° C. 

0. J. Smithells^* develops the work of Jefiries on the grain growth 
of tungsten and the effect of mechanically- associated impurities, 
and advances theories based on the Beilby conception of the amor- 
phous phase in metals. The theories are largely hypothetical, 
and it is not easy to agree entirely with the author in his collusions. 

.1. H. Andrew and R. Higgins give the results of the annealing 
of a composite specimen prepared by casting a 7 -brass on to a 
liilck rod of pure copper. It was found that high temperatures 
promote both diffusion and grain growth simultaneously, whilst 
ni low temperatures diffusion will not only prevent grain growth, 
but will actually break down existing grains into* smaller units. The 
second observation is novel and important, and further confirmatory 
ox]ierimental work will be looked forward to with interest. An 
im])ortant suggestion, which, however, remains to be verified, is 
made, that in annealing castings which possess a cored structure 
annealing .should be stopped just prior to the complete elimination 
of Hu* cores and before grain growth commences. 

Tli(‘ authors do not accept the amorphous cement theory of 
Rosenliain, and revert to the earlier ideas of imperfect packing of 
atoms at grain boundaries, so permitting of slight movement of 
atoms resulting in coalescence of adjacent grains under the right 
conditions. Their hypothesis is made to account for the precipita- 
tif)n of new phases at the grain boundaries, and for the etching 
effects observed. 


Alloy Systems. 

L. Gnillet^* discusses the properties of cerium and its alloys with 
iron, aluminium, magnesium, bismuth, tin, and silicon. With 
each of these elements cerium forms one or more compounds. The 
same author has studied alloys of magnesium and cadmium, and 
finds that tj^ro solid solutions are foiyned which within certain limits 
of roiujentration undergo allotropic transformations. The alloys 
arc malleable at ordinary and at high temperatures, and quenching 
has no influence either on structure or on properties. 

Inst. Mp,taU, 1922, No. 1., 73; X, 1922, 267a. 

1922, No. 1, 227 ; J., 1922, 266a. 

'' Ibid.. 1922, No. 1, 107 ; J., 1922, 257a. 

Ibid., 1922, No. 2, 185 J., 1922. 819A. 

nmi). Mit., 1922, 19 , 362. 
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D. Hanson and M. L. V. Gayler^’ have revised the constitutional 
diagraiT[> for alloys of aluminium and zinc put forrvard by Rosenhain 
and Archbutt. • They find that' the j5- constituent obtained by 
quenching alloys of suitable concentration decomposes spon- 
taneously and rapidly, with the evolution of considerable heat. 'A 
similar spontaneous decomposition can probably take place in 
rfiloys consisting wholly of the 7 - 8 olid solution under suitable 
conditions. The phenomenon of age-hardening shown by these 
alloys was made the subject of careful investigation, and curves 
reproduced show a marked increase in hardness in certain quenched 
/3-alloys over a period of about five minutes after quenching, 
folloA^cd by a less rapid and diminishing rate of softening over a 
period qf about three hours, to a value rather higher than that 
possessed by the material immediately after quenching. M. L. V. 
Gayler-** carries the study of age-hardening a stage farther, and 
finds in aluminium alloys containing copper and magnesium silicide 
that it is due to the difference in the solubility of both th;i compounds 
CuAlg and MggSi in solid aluminium at high and low temperatures ; 
of the two MgaSi produces the greater amount of age-hardening. 

The antimony -bismuth system has been studied by M. Cook,*^ 
who finds a continuous series of soliS solutions. Q. A. Mansuri®® 
shows that thallium and arsenic alloy in a]^ proportions, but do not 
form solid solutions or compounds with one another. The eutectic 
of the system occurs at the composition 8'0^% As, freezing at 
215® C. ; all alloys containing from 13% to nbout 40% of arsenic 
begin to freeze at 240® C., and are made up of two layers, the upper 
rich in arsenic and the lower rich in thallium. ^With over 40% of 
arsenic the two layers merge into one. 

C. A. Edwards and A. J. Murphy’s®^ experiment's lead them to 
believe that in addition to the phosphide CugP, two phosphides, 
CuP and CuuPg, exist in the copper-phosphorus system. They 
determined the rate at which solid copper combines with phosphorus 
at various temperatures up to 700® C., and found that the maximum 
rate of increase in phosphorisation for a given rise of temperature 
was at 640° C. ; they express a belief that it is possible to produce 
commercially at this temperature phosphor copper which will 
contain more than 15% of phosphorus. 

CoEijosiON OF Non-Ferrous Metals. 

‘The Sixth Report to the Cori’osion Research Committee of th^ 
Institute • of Metals constitutes another valuable contributioi^ 
S’ J. Inst, ^etah, 1922, No. I, 267 ; J., 1922, 2>&Ga. 

Ibid.., 1922, No. 2, 213 ; J., 1922, 818a. 

« Ibid., 1922, No. 2, 421 ; J., 1922, 819a. 

» fbid,, t922, No. 2, 453 ; J., 1922, 819a. 

*Ubid., 1922, No. 1., 183 ; J., 1922, 257a. 

* ^ G. t). Bengough and S. M. Stuart, J. Inst. Metals, 1922, No. 2, | 

J., 1922, 820a. 
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to the study of corrosion. • Experiments described were confined 
to the corrosive effects of solutions of the chlorides of copper, 
zinc, and nickel copper, zinc, and nickel with free access 
of air. 

* 1'lie authors belicye that no one of the theories of corrosion 
pr(*vi()usly advanced Accounts satisfactorily for the effects observed. 
“ Corrosion may be caused by actions of more than one type, a5d 
thc'«firyil condition of the corroded metal may be the end result of a 
scries of complicated phenomena. The initial action may be either 
ch(‘mical or electro-chemical, and may take place in either acid, 
neutral, or alkaline media ; it is by no means dependent solely, 
or even mainly, on the hydrogen ion concentration. The coyosivo 
prnjx'rties of a liquid depend on the specific nature of ah tjie ions in 
solution, as well as on the presence of undissociated substances, of 
whieli oxygen is the most important; they are not necessarily 
j)i‘o])crt‘tional to the conductivity of the solution.” 

The function of oxygen in corrosion receives full attention, and 
tlK‘ two views that liave been put forward to account for its action 
aie criticisc'd and discussed. The authors appear to lean to the 
view that the maih function of oxygen in corrosion is that of a 
dc})()lariser. 

J)is(aission of the ])rotective effect of scale leads up to the main 
thesis that one of the principal factors to be considered in any 
iin 1 ‘stigation of corrosion phenomena is the formation of colloids 
ill the liquid. “ Two well-defined types of corrosion, differing 
iu!uk(‘dly in their effects on the metal surface, can now be dis- 
tinguished from oie another: (A) All corrosion products, except 
hydrogen und displaced gas or metals, completely soluble in the 
corroding liquid, giving true solutions. Tn such cases the metal 
surface is comparatively evenly attacked, and the solution tension 
tlK'oiy gives a reasonably correct account of the phenomena ob- 
served, though a strictly electro-chcmical application of it is not 
uecjcssary. Examples, sodium in water, and zinc in hydrochloric 
acid. (B) One or more corrosion products comparatively insoluble 
in the corroding liquid, and closely adherent to the metal surface. 
I^lctal surface usually attacked locally, giving isolated ‘ pits.’ 
‘ . during corrosion of type B the surface of the metal becomes 

covered initially with products of a colloid an^ gel nature, and it 
s^'cms rcajonable to suppose that the explanation of the differences 
hct\u'cn such corrosion and that of type A is to be found in the 
physics apd chemistry of colloids.” 

The conditions of the stability of colloids, the formation of the 
.s?el film and its influence on corrosion, the manner in which the gel 
iwotccts the metal under certain conditions, how discontinuities 
in the gel film resulting in local corrosion being developed may be 
produced, and the actioif of salt solution on this film are discussed. 

q2 
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Other Investigations. 

H. Moore and S. Beckinsale consider that treatment of Admiralty 
condenser tubas at 280^-300° C. for 30 minutes would remove all 
liability to the development of season cracking, and would at the 
same time effect a useful improvement of i/iechanical properties, 
especially in the harder tubes, by raising the limit of elasticity. 

K. Bornemann and F. Sauerwald^^ have determined the volpme 
changes in melting copper, aluminium, tin, and alloys of these 
metals. Copper shows on melting an expansion of 4-2% of the 
solid volume, aluminium one of 6-7%. The apparatus employed 
consisj^ed of a vertical iron tube, water-cooled at the top end and 
surround(^ by an electric furnace at the bottom. A salt mixture 
was contained in an inner porcelain vessel, and the metal used 
(8 or 9 c.c.) was introduced in the form of a cylinder inserted in a 
silica vessel. The loss of weight in the salt bath (the density of 
which was determined by means of a tungsten sinker) permitted 
of the determination of the density of the metal or alloy under 
investigation at any particular temperature. In further papers 
the systems Cu-Sb, Cu-Zn, Cu-Al, and^8n-Bi aj® studied. 

K. Gilbert has carried out simihir work on easily fusible alloys, 
with a view to determine the volume chanj|es in dental alloys. 

NicM-Chrormum Alloys. -’-Attention has been called during the 
year to, amongst others, alloys of nickel and c^ominm practically 
free from iron (for example, Kromorc containing 15% Cr), which 
are superior to ordinary nichrome metal for use as heating elements 
in wire-wound electric furnaces. On account of increased resistance 
to oxidation they may be heated for long periods at 1000°C. without 

failure. , j- • x 

0. Smalley records the results of a large number of experiments 
dealing with additions of aluminium, manganese, tin, and iron, 
sepiirately and together, to brass, and their effects on the physical 
properties. In spite of the large amount of work which has been 
carried out in the past, our knowledge of the complex brasses is 
still very incomplete and this paper represents a valuable contribu- 
tion to the study of these alloys. A knowledge of the effect of the 
elements considered is important for they are frequently present 
in brasses, sometimes by design and sometimes by accident. 

* 33 j. jnsL Metals, 1922, No. 1, 149 ; 1922, 2.55a. 

34 ;5. Metallkunde, 1922, 14, 146, 264, 329 ; J., 1922, 421a. 

33 Ibid., 1922, 14, 245 j J., 1922, 563a. 

3® British Foundry men’s Assoc., 1922 ; Metal. *Ind., July, 1922, et BCJ. 

1922, 761a. ■ 
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ELECTliO-tillEMlCAL AND ELECTRO- 
METALLURGICAL INDUSTRIES. 

By J. N. Bring, D.Sc., 

Research Department^ Royal Arsenal, Woolwich. 

General. 

The general outlook with electro-chemical and electro- metallurgical 
practice during the last year has improved together with the 
gra<lual recovery of chemical and metallurgical industries. Statistics 
showdhese industries to have been at their lowest ebb in the middle 
of 1921, since when a constant improvement is to be noted in all 
countries, though the normal level of the industry has not yet been 
reached. , 

The main advance which has been made nicently in electro- j 
chemical processes as applied to metallurgy consists in an extension 
of methods for the production of metals in a high degree of purity. 
Such ju’ocesses arc being applied to an increasing extent in the 
case of oo])])er, zinc, lead, tin, aluminium, iron, nickel, magnesium, 
antimony, and the rare metals. In the case of copper, 75% to 85% 
of tin*, world’s output is now refined electrolytically to give a metal 
of 1)9’9% Cu and permitting of subsequent purification of the accom- 
panying rare metals, silver, gold, platinum, etc. The output of 
electr’olytic zinc, though the process has only been in operation for 
five years, is estimated at 150,000 tons per annum. Aluminium is 
now obtained of 99*5% purity, whereas, as obtained formerly, the 
metal contained 2-3% of impurities. Electrolytic iron, which, on 
acct)Unt of its high purity, has unique properties, is at present only 
produced for special purposes. 

The demand for special electric furnace steels and ferro-alloys 
has increased on account of the progress of the automobile industry. 
Many electric steel furnaces which were formerly suspended have 
been brought in+o operation again and new units installed. The 
demand f'lr aluminium has increased and an eitended application 
has been made of its alloys. 

There is^ also to be^noted, especially in Switzerland, an increase 
hi th(i production of calcium carbide, which suffered most from the 
^'risis of 1921. 

M^ith regard to synthetic fertilisers, the production of calcium 
uitiate and ammonia by the arc furnace has not developed in 
Countries other than Noiway, while the output of cyanamide and , 
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its derivatives has not been affected appreciably by the competition 
of the processes of Haber, Claude, or others. 

The trend tovjards employing electric furnaces for the treatment 
of non-ferrous metals to an increasing extent is still apparent. 

An account of recent progress which has been made in organic 
electro-chemistry is given by E. K. Strachaivi^ War-time develop- 
ments have called attention to the great variety of organic chemicals 
that can be produced from acetylene. These include aldehyde, 
paraldehyde, alcohol, acetic acid, ethyl acetate, acetone, ethylene, 
acetonitrile, many cliloro derivatives, such as tctrachloroethane and 
chloroacetic acid, and many other compounds. Under present 
conditions, most of these products can hardly compete with wood 
distillation processes, but further research may be expected to 
make tlR-s(' reactions of considerable commercial importance, 
particularly as power becomes cheaper and wood for distillation 
becomes scarcer. 

At the present moment the construction of electrochemical works, 
based on the use of hydro-electric power, remains in abeyance 
throughout the world on account of the present high costs of water 
power development in relation to existing installations. Under 
present conditions a figure of £45-50 'per kw. installed, correspond- 
ing to 0*3d. per kw.-hr., may be taken as average price of hydro- 
electric power from a modern development‘s on the basis of 4000 
working hours in the year, while the cost of powar from older 
installations may be taken at from 0’07d. to 0-14^ per kw.-hr. 

Iron and Steel Productic^n. 

Electro-thermic Smelting of Iron Ores. , 

Pig-iron is now being produced in electric furnaces by twe 
distinct methods ; (1) By reduction of iron ore with coke m 

charcoal and electric heat, and (2) the production of synthetic cast 
iron or the reconversion of steel scrap into pig-iron or iron castings 
Sweden, Norway, and Italy have always led in the former, whil< 
France and Canada are the main countries to engage in the latte; 
process. 

According to A. Helfenstein^ the importance of electro-therma 
smelting of iron ores in countries such as Scandinavia, whic] 
possess large water powers, has increased in recent years on accoun 
of the high price ol coke. Wheji the process is carried out with a: 
efficient gas recovery plant, the pig-iron made by electric heating 
may be regarded as a by-product in the production from carbon c 
a gas of high calorific value to be applied for heating purposes. I 
the electric smelting process, the consumption of carbon, ir 

I'J. Ind. Eng. Chem., 1922, 14, 910. 

■ J. du Four Elec., 19221 81, 129. 

» Jhid.. 1922. ai. 45. 
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form of charcoal, coke, or anthracite, which istnly required for the 
chemical reduction, is only one-third of that needed in the blast 
furnaces where caroon, by comljustion, is required to raise the 
temperature. Witl# the blast furnace the volume bf gas produced 
amounts to 4000-6000 cub. metres per ton of cast iron of a calorific 
value of 1000 cals, pej cub. m. (112 B.Th.U. per cub. ft.). With 
the electric furnace, the volume of gas amounts to 600 cub. m. with 
a c’alorific value of 2500 cals, per cub. m. The carbon dioxide in 
tlic'gases ascending the heated charge in the shaft reacts to some 
(extent with carbon to give the monoxide, while more of the monoxide 
is oxidised to dioxide by reducing the ore. For the purpose of gas 
re(!OA'ery it can be arranged to withdraw the gases from the zone 
where the ratio of monoxide to dioxide is the highest, or ►alter- 
natively to adjust the height of the charge in the shaft, limiting 
value of about 10 feet being found most advantageous. Processes 
for the electric smelting of iron ores may be divided into two classes 
according to the use of a high or low column of charge in the shaft. 
Pin* former type is employed in the furnace of Grhnwall, Lindblad 
and Stalhane, and is suited for use with charcoal as a reducing 
agent, but offers considerable difficulties with ‘coke on account of 
the lower permeability of the charge to the gas and the lower 
resistance, which necessitates the use of larger currents at lower 
voltages, while the greater density of the charge involves thd 
expenditure of more energy per unit volume. Furnaces with a 
low column of charge, i.e., from 6 inches to 4 feet, as in the 
Helfenstein type, are better adapted for use with coke. With the 
lower column the ratio of carbon monoxide to dioxide is higher and 
the consumption cl carbon and energy expenditure are consequently 
increased,* but the calorific value of the gas is higher. Recent 
developments with the Helfenstein furnace have been in the 
automatic charging and adjustment of the height of the charge, the 
use of continuous electrodes, the increase in the dimensions of the 
electrodes, and progress in the construction of transformers. The 
gas produced has been applied to the heating of furnaces in which 
the cast iron obtained is transformed into steel. 

An historical account of the development of iron-ore smelting in 
California is given by R. C. Gosrow.^ At the works of the Noble 
lilectric Company at H^roult a rectangular type of furnace is at 
present iii use, employing four vertical graphite electrodes in a 
straight line. With a unit of 2250 kv.a. smelting iron ore, the 
output amounted to 20 tons of foundry iron daily, corresponding 
to 2700 kw.-hrs. pe? ton of pig. Charcoal was used as reducing 
material and prepared locally. 8001b. of charcoal was needed 
per ton of pig-iron. In 1914, the manufacture of pig-iron was 
replaced by that of ferro-manganese. 

* Cham, and Met. Eng.^lQ22f 27 » 490 . 
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Synthetic Cast fron, 

, At a symposium of the American Electro-(5iemical Society in 
April, 1922,® a .discussion was Held on th(5 yianufacture of pig- 
iron in the electric furnace, of synthetic cast-iron from steel scrap or 
iron turnings, and on the melting of pig-iron by electrical heatidg 
and desulphurising of cupola-melted grey irof'i. 

• A de8crij)tion is given by W. L. Morrison « of experimental work 
which was carried out on the manufacture of synthetic cq-st-iron 
ill a 2-ton electric furnace of the stationary type, with a consumption 
of 750 kw. Rammed silica was found the most suitable lining 
material for the bottom. A representative charge consisted of 
500 lb. of turnings, 50 lb. of anthracite dust, 20 lb. of ferro-silicon 
(50 %y 2 lb. of ferro-manganese (80%), 5 lb. of lime, and 2 lb. of 
fluorspa/!' The charge was added continuously and tapping 
conducted intermittently, while the accumulated slag was removed 
about every two days. Aluminium carbide is formed at the 
temperature of the furnace and produces blow-hok's and the 
appearance of burnt iron in the product. The defect can be 
prevented only by proper selection of refractories and by excluding 
dry aluminous slags from the metal. ^ The average analysis of the 
iron made was 2-25% Si, 3*5% C, 0*65% Mn, 0*004% S, 0*15% P. 
IThis work was conducted at Portland, Ore.^where grey iron castings 
are produced from turnings and steel. An account is given of ‘ 
different types of furnaces in use and different methods of carbur- 
ising and an estimate made of the costs of operation of electric 
smelting. 

An installation in operation at Aarau in Gerr^any, similar to the 
above, is described by K. l^ornhecker,"^ who discusses the thermo- 
chemistry and economics of the process. The furnace employed is 
of the arc type in which the el^rodes dip into the upper part of 
the charge so that heat is generated by resistance as well as by the 
are. The furnace charge consists of good quality scrap iron with 
an excess of coke and sufficient lime. The amount of sulphur in 
the product is below 0*02% and phosphorus below 0*1%. 

A plant which has been in operation since 1917 at Cincinnati, 
Ohio, for the production of cast-iron and semi- steel from scrap is 
described by G. K. Elliott.® The plant has recently been extended 
on a larger scale at Birmingham, Ala. The process, which utilises 
a Jl^roult type of furnace, is noy^ operated as a duplex* system in 
which a cupola is employed for the initial melting stage, followed by 
jk basic-hearth electric furnace for desulphurising, deoxidising by, 
. carbon, silicon, and manganese, reducing th*e carbon by dilutio^ 

® Chom. and Met. Eng., 1922, 26, 820. 

•Ibid., 1922, 26, 312 ; J., 1922, 264a. 

/ Stahl u. Eisen, 1921, 41, 1881 ; J., 1922, 103a. 

’^’Chem. and Met. Eng., 1922, 27, 116. 
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with steel and adjusting the, silicon to suit trfe size and nature q£ 
the castings. A discussion is given of the refining reactions, the 
effect of oxygen in cast-iron, the advantages of ^ superheat, the 
infiuence of oxides ftf carbon in solution, and the extent to which 
these factors are modified by electric furnace practice. A furnace 
in use for the melting of cast iron in a Booth rotating electric 
furnace is described by H. M. Williams and T. B. Terry.® The 
furnace is lined with “ Suprafrax,” a high-alumina clay, and the 
linin'g lasts for over 200 heats. The furnace is used chiefly for the 
melting and reclaiming of machine turnings. The practical aspects 
of electric grey iron production are discussed by C. H. vom Baur.^® 
The important advantage of electric treatment over the cupola is 
that borings and turnings can be used as the charge in the former 
cas(‘. in general practice the charge is pre-heated iri a fuA-heated 
furnace before admitting to the electric furnace. 

Electrolytic Iron. 

The physical properties of electrolytically deposited iron and its 
commercial possibilities have been summarised by B. Stoughton.'^ 
The main features are purity, ductility, rust-resisting properties, 
and high thermal and electrical conductivity, which make the 
substance suited for boiler tubes, fine iron wire, cold- worked parts 
of precise shape, and electrical and magnetic specialities. A 
description is given of the process in ojjeration by the Society 
“ Le .K(jr ” in France. 

An account is given by G. F. McMahon^® of the general arrange- 
ment and operation of a commercial plant for the electrolytic 
refining of. iron. The effects of composition, temperature, and 
circulation of the electrolyte upon the physical properties of the 
deposited metal are considered. A small amount of glue in the 
electrolyte is found to be beneficial in the operation of large tanks. 
An average output of J *5 lb. of refined iron per kw.-hr. is obtained 
in ])ractice. The electrolyte employed is ammonium sulphate or 
chloride together with ferrous sulphate. The solution is generally 
neutral or very slightly acid or alkaline. It is recommended to 
filter the electrolyte continuously in order to keep the impurities 
low. For a high-grade product, the anode iron must be as pure as 
possible and for most purposes, Bessemer or^ open-hearth steel 
uniy be u,ied. The cathode starting sheets are made from thin 
steel plates with holes drilled to ensure better adhesion of the 
deposit. Before use ^^the cathodes should be pickled in dilute 
sulphuric acid, washed in hot water, and coated with a mineral oil, 

* Trans. Amer. Electrochem. Soc., 1922, 286 ; J., 1922, 466a. 

Iron Age, 1922, 109 , 51. 

Iron Age, 1922, 109 , 32 ; Chem. and Met. Eng., 1922, 26 , 128. 

Chem. and Met. Eng., l£Q2, 26 , 639. 
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such as kerosene. A thickness of J is obtained after 12 to 

days* electrolysis, when the deposit is stripped. The solution 
becomes alkalipe during the progress of the electrolysis and is 
carefully neutralised by the addition of sulphuric or hydrochloric 
acid. Excess of alkali causes the formation of ferrous hydroxidetin 
the deposit, and slight excess of acid produces a brittle, curly, and 
cnirror-like surface, while a neutral or very slightly alkaline 
electrolyte gives a good matt grey deposit. An excess of ferrous 
sulphate increases the tendem-y to tree formation and low alnmonia 
content leads to excessive gas evolution. A high chloride con- 
centration is, as a rule, beneficial, but if occluded in the metal, 
leads to rapid corrosion on exposure to the atmosphere. The 
maghetic permeability of the iron rises with increasing temperature 
of the ftkxitrolyte. It is preferable to work at a temperature of 
about 45*^ C. and a current density of 12-15 amps. i)er sq. foot, 
when the current efficiency is approximately 90%. 

A process which has been applied for the electrolytic extraction 
of iron from pyrrhotite is further described by F. A. Eustis.^® 
The procedure consists in grinding the sulphide ore and agitating 
with spent electrolyte containing ferric chloride when reaction 
takes place as follows : — 

2FeCU+Fe.S=3FeClt+S. 

Sulphur and other insoluble matter are then filtered off and the 
solution is electrolysed in a diaphragm cell with graphite anodes. 
Iron is deposited in the cathode compartment and the chlorine 
migrates through the diaphragm to the anode ^and oxidises ferrous 
to ferric chloride. The solution in this compartment js circulated 
to prevent the concentration of iron from exceeding a certain value. 
The current efficiency in the deposition exceeds 95%. D. R. 
Kellogg gives details of the procedure recommended for the 
building up of worn or undersized parts by the electrol 3 dic 
deposition of iron. 

An account of experiments on the influence of heat-treatment in 
modifying the properties of electro-deposited iron is given by 
N. R. Pilling.^ ® Annealing at 900° C. is found to be necessary to 
produce complete and rapid softening. The rate of decomposition 
of the unstable iron-hydrogen compound, which is assumed to be 
an essential corflponent of electrolytic iron, was observed ,at 
different temperatures. 

An account is given by R. P. Neville and J. R. Cain^® of ‘the 
preparation of an extensive series of very pure alloys oV electrolytic 

' Chem. and Met. Eng., 1922 , 27 , 684 . 

Amer. Inst. Min. Met. Eng., Feb., 1922 J., 1922 , 330 a . 

Chem. and Met. Enf., 1922 , 27 , 676 . 

1 ® Ihid., 1922 , 27 , 677 . 
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iron, carbon, and manganese* which was conActed by melting in 
an Arsem vacuum ^nace. 


Ferro-Alloys. 

The types of furnaces now in use for the preparation of ferro- 
alloys (jonform to the general principle of possessing a cylindrical 
recjeptacle of masonry or metal provided with a refractory lining ii? 
the iiiteru)!' of which two or three electrodes are admitted. When 
using metallic cases, the complete circuit of magnetic metal is 
interrupted by the insertion of a strip of non-rnagnetic metal. The 
majority of ferro-alloy furnaces contain a hearth electrode with one 
or tw'o electrodes suspended above. The main differences iij the 
different types are in the manner of constructing the base eketrode. 
In some cases this consists of a plate of steel embeddecl in the 
lining of anthracite and tar which forms the hearth. In the 
furnaev^ s at Giffre^’ a series of steel bars are arranged in fan shape, 
r(‘sling on a layer of lining. Other devices arc the Keller conducting 
iK'urlh, a graphite hearth consisting of a large graphite electrode 
projecting below the base of the furnace or a, graphite electrode 
licld in an iron casting provided with water circulation. Important 
factors in the economy of ferro alloy manufacture are utilisation of 
tlie gases evolved partly by re-circulating through the furnaces for 
tilt* reduction of oxides and the remainder for power and heating 
]uirpost‘s. Electrical precipitation and other means of recovering 
dust are also important on account of the value of the ore, especially 
in the case of ferro-manganese production. Open-top furnaces 
ha\ (‘ accordingly b^en replaced in several instances by those with 
closed to]»s. Other directions in which recent marked developments 
art*. ])()inted out^" are in the use of higher temperatures produced by 
tin* use of higher current densities, high voltage, and very close 
eJcctrudf^ spacing. It has become possible to treat lower grade 
or(\s at a reasonable cost and, in this way, to lower the prices of 
several ferro-alloys. 

Another direction in which rapid progress has been made in this 
branch of electro-metallurgy is the refining of ferro-alloys containing 
larg(‘ })ercentages of carbon and silicon, particularly in the case of 
f('i ro-chromium in its application to the manufacture of stainless 
sl(.‘els, Several processes have recently been devised for the 
removal oi carbon from these alloys. • 

The development of high-chromium, low-carbon steels has also 
l(*d to processes for introducing the chromium without the necessity 
of first manufacturing a ferro-chrome. In such processes the 
r(*du(;ing agent, either metallic or non-metallic, is placed in the 
I'ath of molten steel, together with the raw chrome ore and suitable 

J. du Four Elec., 1922, 31, 71. 

B. D. Saklatwalla, J.*Ind. Eng. Chem., 1922, 14, 8C2. 
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flttxei^, when the olide is reduced a/id the metal alloys with 
steel. Another alloy which has gained prominence commercially is 
ferro'phosphorus. In its manufacture the electric furnace is 
supplanting the blast-furnace method. 

Electeic Steel Furnaces. 

The progress of electric steel manufacture generally has. been 
retarded since the Armistice ; this is to be attributed, apart from 
trade depression, to the temporary large stimulus during the war 
period, and, in the case of alloy steel plants, to the existence of 
large stocks of finished bars. Recovery is now to be noted, how- 
ever, several new plants having been restarted and new ones 
installed. Statistics by E. F. Cone^® show that in 1921 the United 
States was the largest producer of electric steel with an output of 
169,499 tons and Italy second with 140,000, while Great Britain 
produced 27,100 tons. ' 

At the works of Messrs. E. Allen and Co., Sheffield, one 10-ton and 
one 3J-ton electrip steel melting furnaces have been installed and 
are worked together in a process whereby scrap steel is electrically 
melted and refined by oxidation in a continuous manner in the large 
primary furnace, and a third or more of<<;he molten bath is tranS;^ 
ferred at short intervals to the small secondary furnace for finishin|| 

In an article on deoxidation and desulphur issition in the H^roxflp 
furnace, by F. T. Sisco,^® it is pointed out that recent developments 
in electric furnace practice have made it possible to ensure the 
preparation of steel of any desired chemical coipposition and within 
narrow limits of specification. It is considered that electric steel 
is, as a rule, still decidedly inferior to crucible steel, and that the 
inferiority is largely due to insufficient knowledge pf the proper 
conditions for deoxidising the metal. A description is given of 
three procedures by which the highest grade of electric steel is 
obtained from scrap. In (1) the melting is effected without 
oxidation. A quantity of limestone is first placed in the furnace 
giving a white slag, which is formed as soon as molten metal collects 
around the electrode and remains as a cover for the metal through- 
out its subsequent treatment. Method (2) consists of melting with 
partial oxidation and provides the best method where a base of 
lower quality is Used and foi; steel of moderately high carbon 
content. The practice consists in placing a layer of limestone on 
tthe base of the furnace, admitting a charge of clean scrap which is 
selected to give a carbon content when mefted slightly below the 
required amount. When the metal is all molten, the slag ^ 
removed and immediately replaced by a white slag, which conSWfef 

« Iron Age, 1922 , 110 , 603 . ‘ 

®® Chem. and Met. Eng., 1922 , 26 , 17 . 
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of lime, with a small proportion of coke aifd fluorspar. Some 
carbide is formed i^j the slag at this stage. The deoxidation is 
completed by the addition of ferro-alloys. Methoda(3) consists of 
melting with comple^ie oxidation and is employed when a low- 
carl)on product is desired and for the treatment of very low-grade 
scrap, phosphorus as high as 0*08-0*l% being reduced with ease to 
below 0-02%. The procedure begins as in the case of the other** 
methods^ and iron ore or roll scale is added to the charge. Oxidation 
is generally complete by the time the metal is melted. The 
oxidising slag is then removed and the required amount of carbon 
iiitroduec*d by adding orushed coke or electrodes to the metal. 
White slag is then added for a final deoxidising treatment of the 
metal. The action of this slag is to aid in removing oxides and 
gasi's, to reduce the oxides which rise to the surface of th^ bath, 
and to eliminate sulphur. The last method of operation is also 
eiii})loyed in the duplex system when molten metal is received from 
tlie o]Hm- hearth furnace in a condition similar to that resulting 
fr fin the first oxidising treatment described in the above electrical 
tieatment. ^ 

Desulphurisation is shown to be brought about by both lime and 
flu()i*s])ar in presence of either carbon or silicon. It is emphasised 
that, in the past, too great fA,n importance has been attached 
to desulphurisation, whereas this is considered to be of less 
consequence than deoxidation. 

In an article on the present status of the electric furnace in 
reliniiig iron and steel by J. A. Mathews, it is pointed out that the 
rc'asons for tlu^ recen|; rapid expansion of electrical steel making are 
the following: — (1) Lowering of cost of power due to hydro- 
eh'ctric and improved steam-plant developments. (2) The extreme 
flexibility and adaptability of electric furnaces to a wide range of 
us(‘s. It has been shown by experience that they may successfully 
be used for melting Ovfid charges or refining liquid charges, for 
making ingots or castings, and for melting ferro-alloys. They may 
bo used alone, or in conjunction with the Bessemer or open-hearth, 
and may be operated acid or basic. Other uses are in conjunction 
with the blast furnace or cupola for making grey-iron, malleable 
and semi-steel castings. For foundry use particularly the small 
units are twlvantageous for making frequent small heats of steel or 
iron casting^. The most popular si^o of electric ftrnace in Amerioii^ 
is of fi gross tons capacity, but units of from J to 40 tons capacity 
have proved equally successful. In furnaces of 6 tons, or a little 
larger, hand charging ds general, but in the larger sizes, either 
mechanical charging of cold materials or the use of hot metal 
charges is usual. Duplexing of open-hearth steel is practised in 
many of the larger units, while triplexing is done at the large 

“ CUm, and Met. Eng., 27 , 872. 
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installation of the Illinois Steel Co/ (3) Though electric steel is 
rarely less costly to make than open-hearth n^ptal and never than 
the Bessemer product, electric furnace steel is in greater demand to 
meet the new and exacting requirements lor ordnance, cars, 
aeroplanes, and other applications in which alternating stresses 
occur. The superiority of electric steel is flue to the metal being 
•clean and sound or free from oxides and occlusions, while the grain 
of the steel is more uniform. . 

The particular advantages of electric furnace steels have been 
demonstrated in tests described by W. J. Priestley in a paper on 
“ Effects of sulphur and oxides in ordnance steel. Kecent improve- 

ments in electric steel furnaces have been confined to mechanical 
and electrical refinements for improvement in regulation and 
econonty. The more important modifications consisting of auto- 
matic electrode regulators, peak load regulators, better- fitting 
doors, water-cooled arches, better electrodes and holders and 
economisers to cut down oxidation and waste of the electrodes. 
No new principles of heating have been employed since the first few 
years’ of furnace practice with the possible exception of theNorthrup 
high-frequency furnace. A modified type of Heroult furnace of 
7 tons capacity has been applied ot the International Nickel Co. at 
Huntingdon, W.Va., U.S.A.^^ The furnftf e is employed for melting 
and refining Monel metal which is cast into ingots for subsequent 
forging and rolling. A basic lining is used' qnd desulphurisation 
and deoxidation are conducted under a basic slag. The life of the 
electrodes is increased and mechanical charging employed. The 
current is conducted to the electrodes by m^ana of copper pipes 
through which water circulates. The transformer roqm is placed 
under the furnace platform. 

In Italy developments have been made with the Fiat furnace.®* 
This type of furnace consists of a cylindrical steel plate shell, 
suitably reinforced, having a hemispherical bottom lined with 
refractory material. The whole furnace rests on two special 
curved rails whereby, by means of two hydraulic pistons, the 
furnace is made to roll and can be inclined to a varying degree to 
allow of scorification and pouring. The three openings in the roof 
of the furnace through which the electrodes pass vertically down- 
wards are fitted with cylindrical water pockets containing a series 
of insulating ringe^to prevent tlv3 electrodes making contact with the 
metallic, wall. A sealing beU device attached to the electrode 
ensures that the roof is hermetically sealed around the electrode, 
thus preventing any escape of gas or flame around tlie electrode 

“ Trans, Amer. Inst. Min. Eng., 1922, 87, 317 ; J., 1922, 41# 330a 
“ Iron Age, 1922, 109, 325. ^ 

Elettrotecnica, 1922, 74 ; Chem. and Met. Eng., 1922, 27, 28 : Mn. 
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and protecting this from •xidation. The lurnace is operated 
with three-phase cufrent at 130 volts for melting and 75 volts for 
refining. The molting period lasts for two hours Jvid the refining 
^ hr. ; 150 pourings of 5000 kg. each can be made without inter- 
ruption. In continuous operation when treating cold scrap steel, 
the power expenditurfii amounts to 640 kw.-hrs. per ton of steel 
cast, which is calculated to correspond to an efficiency of 78% oP 
th(‘ theoretical. 

Tlie Mat furnace was developed during the war on account of 
the difficulty of obtaining pig-iron and coal. Units of 5-6 tons 
ca})acily have been in operation in Turin since 1917. The furnace 
has be(m applied to obtain both special steels in small quantities 
and ordinary steels in large quantities. In a note on the Tagliaferri 
furnac(‘“^ it is stated that 6- ton units have been in operation since 
.lunc, 1921. An output of 32 tons per 24 hrs. is obtained with this 
ujiil, tlie melting of each charge lasting from 2J-3 hrs., with an 
ciHTgy consumption of 550-690 kw.-hrs. per ton and an electrode 
r('Msumpti()n of 5 kg. per ton. In notes on electric furnace 
cTH'ration, (j. W. Francis^" enumerates some, of the important 
features in connexion with basic and acid furnace practice, and in 
th(‘ economy of the electric four/hy. The points discussed are the 
grades of lime necessary, the reduction of phosphorus and sulphur, 
till' i)roducfion of malleable or grey-iron castings, the use of high 
and low tap voltages, the charging of basic scrap, the making of 
n(‘w bottoms, tapping and pouring, alloy additions in the furnace, 
position of furnace and supply bins. In an estimate of the costs of 
el(‘(‘tric steel melting,^’ the chief determining factors are given as 
power chaiges, electrodes, and labour. Basic working is of higher 
cost; than acid through the longer duration. 

The characteristic features of single-phase electric furnaces are 
described by H. P. Abel, A. A. Liardet, and W. West.^* The use 
of this system islimitca to small units on account of the disturbance 
caused in unbalancing of the three-phase supply system. Con- 
structional details, regulation, electrical efficiency, characteristic 
features, and power consumption are discussed. The furnace 
lends itself to the simplest form of construction and considerably 
higher arc voltages can be employed with it, thus enabling the use of 
smaller electrodes 

It is pi lilted out by W. J. and S. S. Green®® that the most 
important application of electric steel furnaces is for the production 
of tool ste{^]^p The coiqparative merits of crucible and electric steel 

Four Elec., 1922, 31, 84. 
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are described and tbe costs and relative advantages of acid and 
basic bottoms are considered, the latter being ^generally preferred. 
For tool steels, »cold charges are generally preferred to liquid charges, 
as open-hearth metal is impoverished by the melting conditions 
and cannot be restored by a single electric furnace operatibn. 
F. T. Sisco describes the process in the H^roult furnace of de- 
V)xidation and desulphurisation and the manufacture of chromium 
ball-bearing steel. 

Furnaces for Treatment of Alloys and Non-Ferrous Metals. 

There is at present a notable trend towards the greater appli- 
cation of the electric furnace to the non-ferrous industry. Though 
this development is of more recent date, it is already relatively 
more important in the world’s production than electric steel 
furnaces. This progress is mainly due to the important advantages 
obtained by accurate temperature control which is-^possible with 
electric heating. Any considerable lowering in the price of current 
would lead to a large extension of electric heating for many heat- 
treating operations. 

An outline of the different types of electric furnaces now in 
commercial operation is given by A. G. ifebley,®^ who discusses the 
power and load factors of different types of furnaces. 

In the United States a considerable extepsion of the use of 
electric furnaces for melting brass and other non-ferrous metals 
has recently been made.®* 

New types of furnaces have been designed by, .the General Electric 
Co. of New York. A muffled arc system has been intiroduced for 
the melting of brass, bronze, and similaar non-ferroas alloys.®* The 
principle of this furnace is the provision of a trench which extends 
along each of opposite sides of a rectangular hearth, separated from 
it by a carborundum brick wall and containing a carbon cross 
electrode along the bottom of each trench. The upper surface of 
each electrode supports two carbon arcing blocks, one near each 
end. A vertical graphite electrode extends down through the 
roof above each block. The space in the trench around each cross 
electrode^ arcing block and the lower ends of the vertical electrode 
are filled with small pieces of broken graphite. In operation, an 
alternating potential of about ^ volts is applied between the two 
vertical electrodes of each heating element and the current flows 
(, across very short arcs, which are practically contact resistances, 

Chem. and Met. Eng., 1922, 28 , 17. 
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ictween the electrodes an4 the arcing bAcks and through 
he cross electrodj and mass of broken graphite. Heat is 
cnorated both by the flow of current through tl^e contact arcs 
Aid through the erdfes electrodes and graphite. As the arcs are 
nuffled or smothered in the broken graphite, this whole mass 
)ecomes heated througjiout and serves as a heat source of large 
irea and comparatively low and uniform temperature. Heat is» 
!oiiducted through the carborundum bridge walls to the metal in . 
Contact ’with them and is also radiated to the roof, which is con- 
structed so as to reflect it on to the metal on the hearth. The two 
Tenches constitute separate single-phase circuits and can be 
jpeiated either as a single-phase or a two-phase unit, and by use 
Ihroe-phase to two-phase transformers will draw a balanced load 
Toiii a three-phase circuit. . . 

A fmdher new type of furnace operates on the induction principle 
and is^applied for the melting of non-ferrous metals.^® The top 
portioii of the furnace consists of a cylindrical chamber resembling 
tin (iidiiiary crucible in which the charge is received, melted, and 
!.cld for pouring. A charging device and pouring sj)out are provided. 
Ih'low this chamber and communicating with it through ports or 
ducts is another chamber in the form of an annulus encircling a 
primary winding and one arm of a laminated iron core. The 
iiariow ring of metal in this cylindrical chamber constitutes the 
secondary of a transformer, and the heat in the furnace is generated 
by the secondary current which flows around the cylinder when 
ait«‘rnatiiig voltage is applied to the primary winding. The 
unidirectional circulation of metal between the melting chamber 
and the boating chamber, which is brought about by magnetic 
ropidsion, results in uniform composition and temperature of metal 
throughout the bath. The Detroit Electric Furnace Co. is 
sujiplying several furnaces of this type of 2000 lb. 300 kv.a. 
ca])acity for electric brass melting.®® 

A new form of rotating furnace has been recently designed by 
H. A. Greaves®’ and installed at the works of Messrs. Watson and 
Co., Sheflield, to the preparation of various alloys. The furnace 
coirasts of a steel barrel lined with firebricks and supported on 
rolkrs geared to a small motor whereby rotation in cither direction 
can be effected. The necessary heat is furnished by an electric arc 
generated between two or more electrodes and blown magnetically 
in 10 a, large flame, which allows oi an even distribution of heat 
throughout the furnace. Units for brass-melting are made of 
capacities of and 5 cwl)., the former requiring 50 kv.a. and melting 
224 lb. of brass per hour, and the latter 100 kv.a. and melting 
500 lb. per hour. 

Iron Age, 1922 , 110 , 271 . 
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A new type of furnace known as tke Oounterflow Car model has 
been designed and employed in Philadelphia® or the annealing of 
small grey-irop and steel castings. An annealing temperature of 
1450° F. (785° C.) is employed and it is important to ensure accurate 
temi^crature control and a uniform source of heat. The heating 
medium consists of ribbons of nickel -chromium alloy arranged along 
^the sides and connected with a power supply at 240 volts, 2-phase, 
60-cycle. I’he charges circulate in the furnace on cars which are 
admitted through air locks, and by the counter-flow principle 
employed, the heat radiated from th(i outgoing charge serves to 
pre-heat the incoming charge which moves in the opposite direction. 
The time of passage of the charge through the furnace is about 
11 J hrs. and the capacity of one unit of 180 kw. is 20 tons of charge 
per 24^irs. at 1450° F. 

I’he production of nickel-, chromium- and chrome-nickel steel on 
the Pacific Coast and their properties and heat treatment are 
described by J. L. Barton.®® 

A furnace for the production of copper matte by electric smelting 
has been introduced by J. Wcstly.^® The furnace of the Heroult 
type but contains a crucible with a flat base which has the appear- 
ance of a reverberatory furnace.^ I’he electrodes dip in the slag 
and the matte containing 30-40% Cu ^fleets underneath and is 
emptied through a tapping hole. The mineral treated is formed of 
complex sulphides, copper and iron pyrites, and pyrrhotite. Three- 
phase current is imiployed at 50 periods and 112-230 volts according 
to the distance of separation of the electrodes and the resistance of 
the slag. The consumption of current amounts tp 700 kw.-hrs. per 
ton of mineral treated and that of the electrodes 4 kg. per ton. 

H exiting with High-Frequency Induction Currents, 

A description is given by E. F. Northrup^^ of the principles which 
apply in heating inductively with currents of frequencies sufficiently 
high to make the use of iron unnecessary for increasing the magnetic 
induction. With the practicable voltage of 6600 volts, which has 
been used for charging the condenser, about 20-25 kw. can be 
absorbed from the supply in single-phase operation. Under 
favourable conditions, as much as 70% of the power absorbed 
from the source^ is finally delivered as heat to the mass. The 
‘method of heating with oscillartory discharges lends itself, however, 
very "v^^ell to multi-phase operation. A single discharge gap may 
be used with three electrodes and a threerphase sourpe of supply* 
By this means, as much as 75 kw, can be drawn from the supply 

. H. Drever, Forging and Heat Treat., 1922, 8, 47. 
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and over 50 kw. delivered to the mass. HeatinJ is found to proceed 
olfectively, whether +^e mass acted upon is a continuous solid or an 
assemblage of small and irregularly-shaped pieces. Non-conducting 
materials, such as gliss, may be fused by placing in a conducting 
crucible. The design of an electrically-heated forging and heat- 
tr('ating furnace is described by G. M. Little. 

A discussion on the generation of electric heat and its application * 
to industrial processes is given by E. E. Collins.^® The dilferent 
factors are enumerated, which it is necessary to take into account 
in a])])lying electrical heating to various manufacturing processes. 
The (!()!isiderations include those of a chemical, mechanical, physical, 
jisycliological, and economic nature. ^ 

A pap(T on furnace design is given by E. L. Smalley^^ and one on 
th(‘ a(i\ antages of industrial electric heating by W. ^S. Scott.*^^ 

In a further paper on the economics of electric heat-treating, by 
E. F. (\;llins,^‘^ a comparison is made of the different types of fuel, 
and data arc* given to show the relative thermal efficiency and cost 
of heat developed from electricity and from various fuels. Heat 
t,.insinission and insulation are discussed and the characteristic 
features of some of the main electric furnaces in use for the heat 
trealrnent of metals are detailed. 

Electro-Metallurgy of Zinc. 

Electric Smelting. 

The {‘lecdro-thormal treatment of zinc ores is now in industrial 
op(‘rati()n only in Scandinavia, where two processes are employed. 
In tin* method mairdy used in Norway, resistance furnaces are 
usccl, and in Jhat in Sweden, arc furnaces. The type of resistance 
pr()(!t'ss mainly employed is the Tharaldsen furnace, in which the 
charge of roasted ore and carbon forms the resistance material for 
the ])assage of the current. The condenser is formed of vertical 
parthions with passages at alternate ends and maintained at a 
temperature of 500° C. The zinc condensed in the first part 
of th(i r(‘ceiver contains 10% of lead, while further on is obtained 
a distillate with 98% Zn, then pure zinc and finally zinc with 
a sjuall amount of cadmium. The con<\ensed metal contains 
t>5% of liquid zinc and 85% of grey and blue powder. With 
a mim^ral containing 50% Zn, furnaces of 1000 kw. capacity 
consume 4 kw.-hrs. per kg. of zinc obtained and gi\% 6 tons of metal * 
daily With a mineral of 30% Zn, the power consumption is 
10 lav. -Ins. per kg. of zinc.^^ 

Trans. Arner. Soc. Steel Tre-at, 1922, 2, 228. 
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In the Swedish process as used at TroUhattan, the mineral is 
roasted so as to reduce but not completely oremove the sulphur, 
and then mixed with coke and fluorspar. On^exposing to the action 
of the arc, oxide of zinc and grey metal are recovered and are 
submitted to a second treatment to give a metal containing 99^8% 
Zn. With a mineral containing 30% Zn,ethe power consumption 
amounts to 1-2 kw.-yr. (of 300 days) per metric ton of metal or 
1*6 kw.-hr. per kg. of zinc. The works at TroUhattan now employs 
18,000 h.p. 

In America, progress in electro-thermic treatment of zinc has 
been arrested in favour of electrolytic processes. Experimental 
work has, however, been conducted on the Fulton process at East 
St. Lillis, U.S.A., and details of design and method of operation of 
a proposed large-scale plant have been published.^** A summary is 
given of the advantages obtained by electro- thermic distillation 
processes. 

Eledroh/lic Processes. 

The conditions necessary for the separation of pure zinc from an 
impure sulphate electrolyte as practised by the Bunker Hill and 
Sullivan Mining Company of San Francisco are given by U. C. 
Tainton^® and comprise : (1) High cur Ant density, which gives a 
high overvoltage for hydrogen. (2) High acid concentration, 
which gives a high electrical conductivity. (3) Use of a colloid, 
such as gelatin, which restrains crystalline growth of the cathode 
deposit and raises the overvoltage of the impurities. The colloid 
also gives a diminished interfacial tension at ithc' contact surface of 
cathode and electrolyte and prevents the hydrogen .l)ubbles from 
adhering to the cathode. (4) Rapid upward movement of the 
electrolyte past the cathode surface which usually arises auto- 
matically at high current densities. Practical work indicates the 
optimum conditions to be a free acid concentration of about 250 to 
300 grams per litre with a current density of about 100 amps, per 
sq. foot and the presence of a small quantity of colloid. 

The recent situation, with electrolytic zinc processes is described 
by W. R. Ingalls.®® tt is pointed out that the electrol 5 dic process 
of zinc extraction by roasting the sulphide ore to sulphate and 
leaching has experienced a good many improvements in details. 
The washing of* the filter cake is better done with reduced loss of 
soluble zinc. Greater regularity in current efficiency is being 
obtained, mechanical details are being improved, and the difficulties 
arising from impurities have been overcome. It is no longer 
necessary to supply sulphuric acid to the process, but is rathey a; 

C. H. Fulton, Eng.jand ^in. J,, 1922, 114, 8. 

Ghem. and Md» Eng., 1922, 26, 873 
“ Min. and Met., July, 1922, 17. 
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question of disposing of a surplus. The gasis from the blende 
roasting furnace mfiy also be applied for the manufacture of 
sulphuric acid where a market exists for the prfvi'ict. A field 
indicated for improvement consists in the better treatment of the 
drefes that is produced in melting the cathodes. This dross is 
contaminated with ammonium chloride used in the melting furnace 
and liquating drum and prevents the material being returned to* 
the elect^’olytic process. 

A rhmd of electroytic zinc practice is given by J. T. Ellsworth. 

Kxperirnents on the influence of impurities on electrolytic zinc in 
industriyl practice have been conducted by G. 1). Scholl. It is 
found that as a general rule, impurities, when present belc^ a 
(jertain amount, do not attack the zinc dej)osit very vigorously 
during the first 15 or 20 hours of deposition. Impurities are much 
less active when the cathodes are clean and smooth than when 
tliey aK* rough and pitted, but in these cases the adhesion is much 
less ])ronounced. An investigation was made of the individual 
('il\ct of a number of different metals introduced during electrolysis. 
Arsenic makes the deposit full of holes ; antimony causes such 
rapid resolution of the deposit that after 30 hours only a skeleton is 
left on the cathode ; cobalt, when present to the extent of only 1 
part ]j(T million results in the production of fibrous, badly corroded 
deposits ; while nickel gives rise to the formation of large con- 
centric banded corrosion pits and porous deposits. Copper 
appeared to be the least harmful impurity of the metals added, 

1 part in 20,000 only slightly reducing the current efficiency. It 
vas found that the notion of the impurities was much retarded by 
the additior\of glue to the electrolyte. 

An account of the influence of impurities on the electro-deposition 
of zinc from sulphate solutions is also given by J. T. Ellsworth.®* 
It is found that iron present as an impurity does not deposit but, 
(ionsumes current in being alternately oxidised and reduced. About 
b-05 gram per litre is the maximum amount permissible. With 
cadmium, most of the metal deposits with the zinc and when below 
a certain concentration is found to be a distinct advantage to the 
deposit. 

A description of processes for the electrolytic extraction of zinc 
in Italy is given by L. Gambi.®* Most of the Italian zinc ores are 
found to be suitable for electrical treatment, the sulphate process 
giving the best results. Installations for the extraction of zinc by 
this method, were erected in Italy in the years 1915 to 1917 to meet 

“ J^ng. and Min, J., 1922, 114, 406. 

Chem. and Met. Eng., 1922, 26, 695 ; J., 1922, 331a. 
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war requirements, a works at San Dalmazzo di Tcnola utilises the 
zinc sulphide ore (blende) of Vallauria. The ig^iineral is roasted at 
a temperature ^ot exceeding 700° C. and the gas developed utilised 
for the production of sulphuric acid. The roasted ore is extracted 
to obtain zinc sulphate, which is then tdeetrolysed. The solution 
contains initially 80 grams of zinc p('r ]#-tre and electrolysis is 
•continued until the acudity amounts to 8%. The zinc is d(^posited 
in the form of sheets 0-6 m.xO-8 m. and 2-3 mm. thick. ^ In the 
Pyrenees, further progress has been made at Viviez (Aveyron) at 
the Societe de la Vieille Montagne in the installation of electrolytic 
zinc processes. 4000 h.p. is being developed from a water power 
and ^transmitted 40 miles to Viviez. 

In Great Britain, electrolytic zinc is advocated as an economic 
enterpflse by S. Field.®* 


Calcium Carbide. 

The preparation of calcium carbide is at ])resent generally 
conducted in three-i)hase furnaces with units Mhieh range from 
5000 to 6000 kw!, though, in some cases, these are as large as 
8000-10,000 kw. With smaller units Of from 1500 to 3000 kw., 
single-phrase furnaces arc used. * 

The directions in which future developments in carbide manu- 
facture are to be looked for, as with ferro-alloy furnaces, are in the 
provision of a dome or covered-in roof as in steel furnaces, econo- 
miser of electrodes as in the Stobie furnace, collector for gas, and 
increase in the height of charge up to five feet above the reaction 
space instead of about two feet in existing prActice. In a furnace 
of 1000 kw., producing six tons of carbide daily, it Is estimated 
that the calorific power of the carbon monoxide liberated is equiva- 
lent to 266 kw. of energy and might be usefully employed in the 
calcining of electrodes.®* 

Calcium Cyanamide. 

It is estimated that 900,000 tons of cyanamide per annum is 
now manufactured for agricultural and industrial purposes and ol 
this amount, 500,000 tons is produced in Germany.®’ A quantity 
of this output is applied directly as a fertiliser and some is converted 
kito ammonium h^ilts. The jjrocess of manufacture consists in 
exposing finely-powdered calcium carbide to a stream of pure drj 
nitrogen and heating. Reaction begins at a temperature ol 
700°-800°C. and becomes rapid at 1000*^0. The product thufi 
^ obtained contains 20-21% of nitrogen and 20-22% ofjrec lime. 

^ans. Faraday Soc., 1922, 17, 400. 

' ^ Four FAec., 1922, 31, 107. 
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A notable installation for* the mannfacturl of cyanamide has 
been in operation a| Buda-Pest since 1917.®* The power required 
is developed from steam turbines heated by natural gas, which 
issues at a pressure of 27 atm. from borings in natural deposits ; 

1 kw.-hr. is obtained from 35 cubic feet of gas. Nitrogen for the 
j)reparation of cyanamide is obtained by the (jombustion of the 
natural gas under a boiler. In the cyanamide furnaces, powdered* 
carbide Js placed in metal cases with perforated bases and mounted 
on wagons by which tliey arc conveyed through a furnace 150 feet 
long, made of iron tubes 10 feet long and 5i feet diameter. The 
first two tubes over a length of 20 feet are heated to 800'’ C.. where 
the reaction commences with a rise of temperature and the ma^^erial 
is allowed to remain here for four hours. Gradual cooling takes 
place in the last four tubes. Nitrogen passes in the clffection 
o])posite to that of the charge and is thus ])reheated. The product 
contains 80% of CaONa with 20% of nitrogen. 

A process is in operation at Niagara Falls for the manufacture of 
V yanide from cyanamide in an electric furnace. In this method, 
a mixture of calcium cyanamide, salt, and calcium carbide is fed 
into a large crucible- shaped electric furnace lined with carbon 
blocks. The furnaces are wklo ^t the top and constricted at the 
base, having a single centrally -hung graphite electrode 12 inches in 
diameter, the low^er end of vhich is about 12 in. from the bottom of 
the crucible, wdiich forms the second terminal for a single-phase 
current. A tap-hole leads from the extreme bottom of the crucible 
and is closed with an iron plug on a long rod. The furnace is filled 
with raw materials to a depth of several feet. A very high current 
density is gmplc 7 ed so that heating of the mixture between the 
electrode and the bottom of the furnace is extremely rapid. When 
the current reaches a certain fixed upper limit, corresponding to 
a knowm temperature of the fused product inside the furnace, the 
taj) hole is opened an,l the fused material, containing up to 36% of 
cyanide, calculated as NaCN, is collected. 

A continuous process for the manufacture of calcium cyanamide 
has been installed at Marignac in France by the Societe I’Azote 
Frangais.** A yield of 85-90% is said to be obtained in the 
conversion of carbide into cyanamide. 

SODILW. 

H , E; Batsford*’ gives an historical account of the development 
of industrial processes for the production of metallic sodium. 
The methods reviewed include those of Castner, Acker (in which a 

J. du Four Elec., 1922, 31 , 99. 

Ghem. and Met. Eng., 1922, 27, 32. 
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molten lead cathodJs was cmployedX Carrier (fused salt cell, in 
which molten lead was used as an intermediator electrode), Darhng 
(using sodium filtrate), and Seward and von Kugelgen (utilising a 
mixed electrolyte containing fluorides). 

Magnesium. 

S. T. Allen®2 describes the process developed in Wolverhampton 
by the Magnesium Company. Methods consisting of the reduction 
of magnesia by carbon at high temperatures, and the substitition of 
magnesium in the fused chloride by sodium, have not been developed 
to successful commercial processes. The industrial preparation of 
the metal is limited to the electrolysis of the chloride in a fused 
state, Either alone or with an admixture of potassium and sodium 
chlorides. The method employed at Wolverhampton is a two-stage 
process. For the first stage, a cathode of molten lead is employed 
and an alloy of lead and magnesium obtained, in the seijcmd stage, 
the molten alloy is used as anode with an electrolyte' of fused 
chlorides as in th^ first stage, while the cathode consists of a large 
number of narrow steel rods immersed to a short dej)th in the 
electrolyte. , 

Other methods of magnesium recovery Have been patented by 
G. 0. Seward, using a fused fluoride bath, and by Ingeberg.®^ Its 
recovery from salt works residue has also been investigated.®® A 
brief review of magnesium recovery processes is given by Vickers.®* 

Boron. 

Boron is obtained by the electrolysis of fused boric abid rendered 
conductive by adding borax, and is employed as a metallurgical 
reduction agent.*’ 

Hydrogen and Oxygen. 

The costs of production of hydrogen and oxygen electrolytically 
under varying conditions are given by W. G. Allen.*® The utili- 
sation of “off peak ” power for the production of these gases in 
large quantities is advocated. A new type of cell adapted to 
operate at high current densities is describe and present and future 
possible uses for tjies© gases a^e enumerated. 

“ Ekclrician, 1922, 88 , 90. 

«U.S.P. 1,408,141-2 ; J., 1922, 269a, 299a. • 
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PnoePHOBic Acid. 
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The manufacture of phosphoric acid in the electric furnace is in 
operation at Anniston, Ala., U.S.A.,®® with eight f urnaces of a total 
capacity of 20,000 kw. Power is supplied by the Alabama 
I^ower Co. from a hydro-electric plant. The process consists in 
charging a mixture df phosphate rock, coke as reducing agent, 
silica rock to flux out the excess of lime present in the ore, and iroti 
turnings to form a ferro-phosphorus alloy. By electrical smelting 
a ferro-alloy containing 24-25% P is obtained and tapped. A 
further amount of phosphorus is carried off in the furnace gases and 
oxidised by the air to the pentoxidc. The furnace gases and phos- 
phorus fume are then blown through an electrical precipitator, 
where a product containing as much as 90% H^PO* is collated. 

Calcium Silicide. 

Calcium silicidc as manufactured in the electric furnace is being 
used to an increasing extent as a deoxidiser of steel. On account 
of the presence of calcium, the material is found to be more efficient 
than silicon in reducing oxide of iron, and further it is found to 
remove occluded carbon monoxide to form linn?, which rises to the 
surface slag. The alloy is added in the form of a fine powder to 
the molten steel, pi’cferably (Hiring the pouring operation. The 
alloy employed has the composition : 60-65% Si, 30-35% Ca, 
2-3% Al.’o 

Miscellaneous Products. 

Many processes have been devised recently for the electro- 
chemical production of chemical compounds and some of these are 
in successful cominercial operation. The products thus obtained 
include aflhydrous aluminium chloride, lead arsenate,’^ chromic 
acjid,"'’ potassium ferricyanide,’* hydrogen j)eroxide,’^ perborates,’® 
perchloric acid by oxidation of hydrochloric acid,” and 
permanganate.’® 

Electro-Deposition. 

Considerable attention has been given lately to zinc -plating, 
which affords better protection than dip galvanizing.’® 
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It is found that cadmium plating on iron is effective in preventing 
rusting.®® A process for building up worn niet?l parts by electro- 
deposition is described by W. E. Hughes.®^ In this method, worn 
or undergauged mechanical parts are coated with a layer of metal 
which is generally iron, thougli copper and nickel have also bedn 
used. 

Electrode.s. 

A detaUed article on the manufacture, properties, and -use of 
carbon electrodes is given by C. L. Mantell.®“ The historiwil 
developments are traced beginning with a description of the 
charcoal electrodes employed by Davy in 1800. The commercial 
production of carbon electrodes, mainly for the puipose of arc 
lamp el^trorlcs, was first achieved by Carre in 1877 by a method in 
which, as essentially in present-day manufacturer, a mixture of 
finely-powdered coke, lampblack, and sugar solution was kneaded 
so as to form a thick paste, then pressed through a draw-plate by 
a hydraulic press, and the extruded carbons baked at a high 
temperature in retorts. The main lines on which the carbon 
electrode industry has since developed are in the following appli- 
cations : (1) Electric arc lighting. (2)- Electrolytic manufacture, 
e.g., of alkali, chlorine, aluminium? and rn^mesium. (8) Electro- 
thermic work, e.g., calcium carbide, carbonindun), graphite, etc. 
(4) Electric furnaces, e.g., electric steel, ferro-alloys. The most 
recent progress in electrode manufacture has been in the direction 
of much stricter specifications as to purity, resistivity, hardness, 
and increased density of electrodes. The earlier workers attempted 
to obtain higher densities by saturating the baked' articles with 
binders and baking a second time. At present the end is achieved 
by employing raw materials of high density and regulating the 
calcining. The most difficult feature is to achieve uniformity of 
product. The growth of the manufacture of carbon electrodes in 
the last 20 years is given in the statement that in 1899 the total 
value of electric furnace carbon was £2000, while in 1921 this 
amounted to £2,000,000. , 

A review is given of the physical and chemical properties of t e 
carbonaceous substances and binding materials from the stand- 
point of electrode requirements. Electrodes for electro-thermic 
work usually have high resistivity, and a high ash content is general y 
unimportant sincej^ as in calcium carbide and steel furnaces, 
mpurities from the electrode are either decomposed or eliminated 
)y the slag. In electrolytic work it is import^mt that the, electrodes 
Possess a high degree of purity and low resistivity to avoid con- 
iamination of the product and on account of the lower voltage ol 


Knox, Ind.f 1920^18, 556. 

Ch&m. and Met, Eng,y 1922, 26, 267. 

Ibid., 1922, 27 , 109, 161, 205, 268, 312, 3^ ; 1022, 718a, 767a. 



EIJ^OTRO-OHEMIOAL AJTO ^TBOTRO-MESTALLUItCffOAL INDUSTRIES. 267 

Operation. For large moulded electrodes tor electric furnaces, 
anthracite coal is plainly used. Unless the ash content is low, the 
coal is generally h(iated by calcining in a gas ov^*n to remove gas 
which is' burnt under the grate, and then digesting the ground 
product in a hot concentrated solution of sodium hydroxide, 
followed by washing .,in a more dilute solution. Petroleum coke, 
which consists of the residue from the distillation of petroleum <a 1 
by the intermittent process, is mainly used for the manufacture of 
graphite electrodes by graph! tising in an electric furnace. Coke 
from bituminous coal is used to a considerable extent in Europe for 
electrodes for electrotherrnic work. Retort carbon is used only to 
a small extent for electrode manufacture on account of the limited 
supplies available. Butt ends or unconsumed or waste portions of 
finished electrodes are utilised for the preparation of new eBctrodes 
by mixing with petroleum coke. 

A mixture of pitch with a small proportion of tar is generally 
list'd as the binding material and is selected to be of a viscosity, 
Mhich will enable subsequent extrusion of the carbon paste. Too 
large a proportion of tar produces porosity through volatilisation 
during the baking process . The condition which is desired in making 
a carbon mix is to cover each granule with as thin a film of binder 
as possible, so that when the various particles come in contact they 
will be well bonded together. For the shaping of electrodes, the 
material from the mixer is subjected to cither a moulding or an 
extrusion treatment. The moulding process usually results in an 
c'U'ctrode of higher density. Small electrodes and those for 
electrolytic work ^are usually made by extrusion, while large 
electrodes, are made by both methods, those made by moulding 
being preferred because of their higher density. Extrusion presses 
now made enable the production of electrodes as large as 86 inches 
diameter. The pressures generally employed range from 1200 to 
7000 lb. per sq. in., tnough in some cases, these are said to amount 
to 25,000 lb. 

After extrusion, the electrodes are cut to length and transported 
to the baking furnaces. These furnaces are generally of the gas- 
heated type and consist of an enclosed chamber in which the 
electrodes are closely packed with an intervening layer of finely- 
divided carbon between each electrode. The chamber is com- 
i»letely illed by means of fine»carbon, sealed and heated by 
surrounding flues in which are circulated the gases resulting from 
the combustion of mixtures of producer gas and pre-heated air. 
The temperature is gradually raised to a maximum, which maybe 
high as 1400° C., and then allowed to cool. During this process 
the pitch or binding material is decomposed, producing coke, 
^hich cements together the granules of carbon. In somet cases, 
electric furnaces of the type of the Acheson furnace are used for the 
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baking process. The ''surface of the oarbons is then cleaned by 
submitting to the action of rotating steel br^ishes and finally 
machined in casej; where threads or other attachments are required. 

A detailed account of the self -baking contfnuous electrode is 
given by C. W. Soderberg.«=* With this system, the ordinary 
electrode mixture is tamped in a cylindrical case of sheet metal 
M^^th its lower end at a distance of several feet above the furnace. 
The casing servos as a mould for shaping the electrode and as a 
support for the material during baking, and helps to carry the 
current from the electrode holder to the baked part of the electrode, 
which projects downwards into the smelting furnace. The material 
is baked during its descent by means of the heat from the furnace 
crater and by heat developed in the electrode itself through the 
passage^f the current. The electrode holder is water-cooled, 
usually placed on the lower part of the electrode and suspended in 
a frame which may be moved up and down by means of a winch. 
Movement of the electrode in the holder is carried out by loosening 
screws on the holder until the electrode will sink by its own weight, 
and the screws are ^fteiwards tightened. This operation is carried 
out without interruption of the current,, the circuit being always 
maintained by means of the sliding, contact between the electrode 
holder and the electrode. Fresh mixture is admitted at the top so 
as to maintain a continuous column. This type of electrode has 
been applied to furnaces for ferro-alloys, calcium carbide, iron-ore 
smelting and steel. Electrodes of a diameter of 39 inches are 
employed in a 6000 kw. three-phase carbide furnace at Knapsack, 
Alegne. The main advantages of this system of. electrode are the 
marked gain in economy in their preparation, the avoidance of 
interruption of operation, which is involved by the replacing of 
electrodes, the avoidance of butt ends, and overcoming the limita- 
tion in size, which applies to the usual electrode systems. 

A. T. Hinckley®* gives a review of the use^ of carbon electrodes 
from 1800 to the present time and deals with their application in 
electric furnaces. The results of a research on the properties of 
natural and artificial graphites are given by K. Arndt and 
F. Korner.®* The specific resistance of rods pressed from different 
varieties of natural and artificial graphites was determined. The 
resistance increases with increasing ash content and decreases with 
increasing size of*,grain. A (determination was made of the 
resistance ol a number of mixtures of graphite and manganese 
di6xide, such as are used in battery anodes. The addition of this 
oxide is found to increase the resistance very slightly’ up to a 
%<5ntent of 50-60%, after which a rapid increase is observed. 
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Electrical PrecipAation of SuspAtded Matter. 

In an historical risumd ®« of the development of industrial methods 
for precipitating dilst and fume, H. J. Bush points out th^t this 
process was first successfully applied to commercial processes by 
F. G. Cottrell in California in 1^6. In the electrical precipitation 
of liquids and solids from gases as developed technically, a strcitjg 
electrical field is established by connecting one set of electrodes to 
a source of high-tension potential, and the other set to earth, the 
air gap between the two sets of electrodes forming a fink in the 
circuit. The electrodes are shaped to meet the particular require- 
ments and may either be earthed plates opposed by charged wires 
hot ween which the gas to be cleaned is led, or they may be earthed 
]jipes with charged wires suspended in them, the gas S?avelling 
through the pipes and depositing the particles on the inner walls. 
Precipitation is caused by a number of factors, e.g. : (1) Polari- 
sation of the electric charges on the solid or liquid particle carried 
along by the gas current tending to drive the particle towards the 
charged electrode. (2) Charge acquired by bombardment of the 
particle by ions produced in the gas by the corona discharge of the 
^^ire electrode. This 'will impart to the particle a charge impelling 
it towards the earthed elcctrc^e. (3) Transport by electric wind 
from the discharge electrode. Gases which are highly ionised as 
\vh(m derived from certain metallurgical operations offer consider- 
abk; difficulties to successful precipitation as the potential difference 
which can be -maintained without disruptive discharge, does not 
suffice to establish the required electrical field. Electrical pre- 
cipitation is now in use mainly in the following applications : the 
condensation of sulphur trioxide fumes in sulphuric acid concen- 
tration, the removal of solid particles from blast-furnace gases, 
the cleaning of roaster gases from pyrites furnaces, and the settling 
of fumes from k .xd-smelting furnaces, tin furnaces, alumina 
calcining, etc. Recent progress in electrical precipitation is 
described by E. Anderson,®^ who points out that the different types 
of electrical precipitators in use at the present time are distinguished 
by the kind of collecting electrode used and are limited to the 
so-called plate, pipe, and transverse screen treaters. The ordinary 
j)recipitator is described as an arrangement of two electrodes of the 
]^oint-t<)-plate type with a unidirectional P.Di established between 
them, of sufficient magnitude to cause ionisation of the gas at the 
point or discharge electrode. Any solid particles present act as 
condensing surfaces lor the free ions and are transported with these 
to the collecting electrode. It is found that the rate of precipitation 
is increased by the presence of water vapour, which is attributed to 
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the prevention of forrtiation of an insuljating layer by the particles 
on the surface of the collecting electrode. 

The Cottrell process of electrical precipitation is described by 
H. A. Winne,^® who discusses the theory of the process and the 
operation and construction of different types of precipitators. 

R. B. Rathburn®® gives an account of tjie metallurgical con- 
svierations and treater design in the electrical precipitation of 
solids from smelter gases and the conditioning of the gas. 

N. J. Hansen®® describes the installation in operation at the 
Duquesne Reduction Company, Pittsburg, U.S.A., for the recovery 
of fume from furnaces treating tin ore and drosses. The precipi- 
tator is of the pipe tyjie and recovers 2600 lb. of solid from gases 
emanjfting from furnaces treating a total of 20 tons of tin drosses 
daily. 

N. H. Gellert®^ discusses the difficulties encountered in the 
problem of cleaning blast-furnace gas. A description is given of 
the various features of an electrical precipitation plantv and the 
method of making the gas measurements necessary to determine 
the required capacity of the clearing equipment. 

L. F. Hawley and! H. M. Pier®^ describe small-scale experiments; 
which have showm that it is possible to precipitate the tar eleetricaUy 
from the hot vapours evolved in the'wood di^iilation process. 

Generation of Steam by Electricity. 

The generation of steam from electricity is finding an increasing 
application as a means of utilising hydro-electric power when not 
required for other purposes. There are now more than 300 
installations in Italy, Switzerland, Sweden, and France Jind a few 
have recently been in operation in Canada and the United States. 
The methods employed consist in passing an electric current 
through 'a resistance, either of metal, consisting of some high- 
resistance alloy in the form of wire or ribbon' or else by passing a 
current through the water to be evaporated by means of a system of 
stationary electrodes partly submerged. One kw.-hr. will, in 
theory, produce 3-17 lb. of steam beginning with water at 150° F., 
and the heat losses are very small. Within the last two years, 
generators have been constructed of 2000 kw. or more capacity.®® 
A description of the development and present position of electric 
steam generators is Also given by*H. Drever.®* 

, Oen. Elec. Rev., 1921, 24, 910. 

*® J. Amer. Jn^i. Elec. Eng., 1922, 41, 676. 

®® Oen. Elec. Rev., 1921, 24, 1004. 

•I Ibid., 1922, 25. 428. 

®* Ghefn. and. Met. Eng., 1922, 26, 1031. 

»» F, T. Koelin, J., 1922, 412b. 

»« J. Ind. Eng. Chem., 1922,’*14, 023. 



Z/1 


OILS, FATS, AND WAXES. 

By John Allan, 

Me^ssrs. Joseph Crosfield and Sons, Ltd., Warrington. 

It has been a very general opinion that the world’s consumption 
of margarine would be largely increased by the greatly enhanced 
appreciation of its value as a foodstuff, arising from the experience 
gaiiu'd of it during the war years, when it was so largely and practi- 
cally compulsorily used as a foodstuff- There can be nc'P doubt, 
however, that butter is still esteemed as the prime fatty food for 
man, and that even a large difference in price between it and its 
substitutes is no very appreciable aid to the increased consumption 
of tlK‘. latter products. It is well known that our factories are 
v\orking, in total, to little more than one-third of their maximum 
oidpnt, aiul that the same condition exists hoi\i on the Continent 
and in the United States, lle^ently issued United States Co vern- 
immt statistics show that during the financial year ending eTunc 30th, 
1022, only 83,881 tons of margarine was produced in that country, 
as compared with over 125,000 tons produced in 1921, a decrease 
of no less than 33%. It has been asserted frequently that large 
quantities of maize and soya bean oils are used by American mar- 
gariiu^ manufacturers, but the statistics of the Commissioner of 
Inland Bevenue ck^arly show that this is not the case, since in 
1021 maize and soya bean oils formed only 0*4% and 0-2%, 
rcs]iectively, of the total fats employed. 

In this report for last year attention was called to the extraordin- 
ary change which had taken place in the sources of supply of various 
oil seeds, and especially with regard to our imports of linseed and 
cottonseed from India. 

From the point of view of Imperial commerce it is gratifying to 
find that though our total import of linseed for eleven months of 
the year is lower than that of 1921 by no less than 110,000 tons, 
\v('. have received from India over 140,000 tons, as against only 
3(1090 tons in the same period of 1921. There is little dou^t 
ihat the absence of Russia as a producer is having a large effect 
upon the market for linseed. This is in considerable measure com- 
pensated ft'*’ by an increased output from the Argentine, where it is 
estimated that a record crop of 1,500,000 tons will be available 
this year. This output, along vdth an increased internal production 
in the United States of no less than 300,000 tons, should make for 
lower prices and larger ^consumption in this country. 
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The amount of cot<l'.>nseed imported from India in 1922 was almost 
four times as great as that received in 1921, but much more is 
available from that source, and it is to be regretted that transport 
conditions in the country of its origin are Jjrobably the “prime 
reason for so small a proportion of the actual production being 
utilised as a source of one of our most valu[ible oils, 
f* As a possible, but very largely unworked, source of oil there is 
probably no greater in the world than that provided by the immense 
forests of Butyrospermum Parkii, which stretch behind the oil-palm 
belt in West Africa. In the form of shea butter the fat from the 
seeds of this tree is quite largely used in native cooking, and 
occasional shipments of both seeds and fat are made to Europe. 
Its use, however, has been limited by the peculiar rubber-like 
odour the fat, and still more by the presence in it of a very 
variable and frequently large amount of unsaponifiable matter 
(up to 10%). There is some reason for assuming that the amount of 
unsaponifiable matter is governed either by variety in th^ species of 
the trees, or by climatic or other conditions governing their growth. 
It is interesting to find that the Agricultural Departments of the 
West African Colonies are investigating the many problems which 
present themselves in connexion with this product. Work has 
already been begun in Nigeria, and a repo^ from the Gold Coast 
Colony,^ which states that shea trees now existing in that country 
are capable of producing 260,000 tons of butter annually, indicates 
that preliminaries for carrying out this work arc now well 
advanced. 

The development of copOdut plantations on the conjmunal system 
in the Gold Coast Colony will also be watched with much interest. 
That copra can be produced there is of course well knovoi, and the 
success of this experiment seems assured if the phenomenal success 
of cacao-growing in the country is to bo taken as a guide. The 
plantations now begun are expected to be in full bearing about 
1935, but copra will, of course, be produced before that time. 

Besides the above evidences of keen Governmental interest in 
the oils and fats industries, and those remarked upon last year, it 
now appears that the Brazilian Government^ is so far interested 
in the oil- seed possibilities of the country that, after having had a 
complete survey of the northern part of the country made, it is 
recommended by ^^the Department concerned that experimental 
stations be established at Para and Bahia. After a survey of the 
southern states is completed, it is probable that similar stations will 
be established' in that area. ^ 

. Our knowledge of the occurrence of the fat-soluble vitamin 
ip vegetable oils and their raw materials has been greatly advanejS 

1 Bull. Imp. Inst., 19^2, 2(f, 313. 

* Cotton Oil Prm, 1922, 6, [11] ; J.. 1922, 374 b. 
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by the work of J. C. Drumnlond and S. S. zAva.® The low value 
of the majority of vegetable oils as sources of vitamin A has already 
been established and this fact has been attributed fcb the treatment 
to which they are sul)jected either during extraction or subsequent 
rehning processes. It has now been shown that in the case of a 
large number of oilseeds practically all of the vitamin A which 
they contain passes into the oil when it is extracted from them. 
Linseed, which contains more than the average amount of the 
vitamin, is an exception to this, as the oil apparently does not 
contain all the vitamin present. It has not been investigated yet 
wliether this is due to incomplete extraction or1;o loss by oxidative 
chaTjges. The growth-promoting activity of palm oil is another 
striking e'!xample of the association of vitamin A with natural 
colouring matters, and although this association theory has been 
shoA\ni not to be generally applicable it is very frequently true of 
products of vegetable origin. Isolation of the unsaponifiable matter 
of ]jalm oil which carried with it the growth -promoting principle 
proved unsatisfactory, since the product possessed to a marked 
extent the characteristic odour and taste of the original oil, and 
on this account would be an unsatisfactory material to use for 
enriching other oils. Palm-kenicl oil, on the other hand, was found 
to have the low value common to other vegetable oils. The contrast 
between fats of animal origin and the vegetable oils has been, in 
largf‘ measure, explained by the fact that the chief controlling factor 
whi(;h determines the amount of vitamin A in the former is appar- 
ently the amount of that substance present in the diet which the 
animal hjjs been censuming. The work of J. Hjort^ and J. C. 
Drummoiid.and his co-workers,® has indicated that the high growth- 
promoting -activity of the fish liver oils is to be attributed to the 
food consumed by the fish, since marine algae, diatoms, shrimps, 
and small fishes which constitute the food of the larger fish are all 
rich in the vitamin. Indeed, it has been shown ® that the marine 
diatom Nitzschia closterium is able to synthesise large amounts of 
vitamin A when grown in sterilised sea- water. 

General Chemistry. 

Tlie preparation of fatty acids from hydrocarbons still receives a 
great deal of attention, but little progress is indicated in the pub, 
lihhod details of the work. Much of this is in the form of patent 
specifications which cover processss for the preparation of mixtures, 
more or lesfe suitable fbr use in the manufacture of soap, the raw 
itiaterials being usually hydrocarbon residues or tars. Some of 

J., 1922 , 126 t . 

* Ihifl 1099 

‘ Bio^htm. J., 1922, 16, 482 ; J., 1922, 913a.. 

‘ Fnw. Bay. Soc., 1922, B98, 440 j J.. 1922 664a. 
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these processes are oi'a most elaborate nature, and seem of very 
doubtful commercial utility. Thus in a patent granted to C. 
Harries,’ highlyiunsaturated compounds ar(^ removed from lignite 
tar oils by treatment with liquid sulphur dio^xide. The reMdual 
paraffins and aliphatic compounds with a double linking are separ- 
ated, the paraffins by freezing, and the upsaturated compounds 
15y steam distillation. A special fraction is treated with ozone, 
hydrolysed with steam, digested with caustic potash, and heated 
with superheated steam. Evaporation in vacuo, still with super- 
heated steam, then follows, and ultimately potassium palmitate 
and stearate are obtained. No yields are given, and one cannot 
help \\rondering if the process is meant to be taken seriously. H. 
Siebeneck,® without attempting to distinguish the individual 
products of the rea(;tions which take place, has investigated the 
oxidation of paraffin wax by means of air or oxygen at a temperature 
of about 135^0. Products of cracking were found in the early 
part of the experiments, but later, w^ax-like products werv^ j)roduced, 
the quantity of which, apparently, increased up to about 33 hrs.- 
heating. Thereafter, the ester value, which has increased to an 
extent equivalent to 70% of eslerificd acids, fell to 49*H), a change 
which was accompanied by a very appreciable slowing of the 
reaction and an increase in viscosity of th^ products to about five 
times the original value. The procedure patented by Traun’s 
Forschungslaboratorium G.m.b.H.® is similar to many already 
suggested, in that the oxidation is assisted by catalysts, such as 
lead or barium peroxide which arc employed in prescmce of an 
alkali, and the operation is carried out under a pressure of several 
atmospheres. Except for the provisional use of the 'suggested 
catalysts it is difficult to see wherein this pi'ocess differs from the 
original process of Schaal,^® who has apparently anticipated most 
of these air oxidation patents. 

A. H. Salway and P. N. Williams,’^ who have investigated the 
catalytic oxidation of hexadecanc by means of oxygen in prc'sence 
of 2% of manganese stearate, clearly prove that the result of such, 
like oxidation processes is to produce compounds which are as 
readily oxidised as the substances they produce. 1’hey suggest 
that the paraffin hydrocarbon is probably first converted into a 
fatty acid, which is then further attacked at several points in the 
parbon chain, wit^ the ultimate production of a complex mixture of 
monocarboxylic acids of the fatty series, dicarboxylic acids of the 
*malonic scries, together with lactones, iactonic acids, formic acid, 
and carbon dioxide. 

’ G.P. 339,562 ; J„ 1922, 36a. 

^’PetroUum, 1922, 18 , 281, 1193 ; J., 1922, 282a, 888a. 

» E.P. 1.56,141 ; J., 1928, 426a. 

1885, 679. • 

“ Chem. ^oc, Ttam., 1922, 121 , 1343 ; 719a. 
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The limited appreciation ivhich we have of^he causes of rancidity 
in fats and oils is further emphasised by the work of J. A. Emery 
and K. R. Henley on the influence of air, light, and metals on its 
development. ThJacceierating effect of metals, amongst which iron 
iis included, is pronounced in presence of air or oxygen, but whilst 
light is necessary fof the production of rancidity in absence of 
metals, it is not essential for the development of rancidity if metals 
are present. In the dark, if air be excluded, no rancidity will 
develop, even in presence of metals, but rancidity begins if the air 
is r('})laced by carbon dioxide. Moisture, frequently assumed to 
!)(' a ])rovocant towards rancidity, is found to have httlc influence 
in this direction. This work is in several points at variance with 
tliat of R. H. Kerr,'“ which was commented upon in the last report. 

The interesting work of B. H. Nicolet and H. L. Cox ’ ' on the 
slru(*tur(^ of linolic acid has led them to the conclusion that only 
Uvo of the four possible stereoisomeric limdic acids occur, at least 
in im])ortant amounts, in linolic acid as usually prepared, these 
()c‘ing the trans-trans and trans-cis forms. As the linolic acid 
('xamin(*d was regenerated from the tetrabromide prepared from the 
fatty acids of cottonseed oil, and recognising the possibility of 
chang(^ during this preparation, it cannot yet be finally assumed 
that the structure of the liiiolic acid in this oil has been proved. 
Using the anilides of the acids as a means of characterising them, 
the same authors have shown that there is no cis-trans isomcrisa- 
lion when the bromides of oleic and elaidic acids are reduced ; in 
tliis r(‘spect they differ from the linolic acid exarnined. Clupanodonic 
a-eid, to which the odour of fish oils is probatly due, is stated by 
M. Tsujimoto^® U) have the formula CasHg^Oa, and not CisHasOa, 
as ordinarily accepted. The acid has been obtained almost pure by 
fractionating the methyl esters obtained from the highly-un saturated 
acids prepared from Japanese sardine oil by the lithium-salt acetone 
method. The acid had the following characteristics sp. gr. 
0'9;i98 at ir)'7J'’U. ; neutralisation value, 172-5: iodine value 
(Wijs) 300, njj^= 1-5040. It is one of the most widely distributed 
(compounds in nature, since it occurs in the fat of all fresh and salt 
vviiter lish, reptiles, and amphibious animals. 

Drying Oils. 

A large amount of work yet remains to be done before our knoV- 
Icdge of the reactions involved in the drying of oils is complete, . 
but we art' carried several steps towards this end by the continued 

J Ind. Eng. Chem., 1922, 14, 937 ; J., 1922, 9t5A. 

Cotton Oil Press, \Ju\y, 1921, 4.5. 

J. Anier. Chrm, ^j'oe., 1922, 44. 144 ; J., 1922, 259a. 

1921, 43. 2122; J., 1922, 109a. 

Vhem. Umachau, 1922? 29, 261 ; J., 1922, 719a. 
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work upon the subjecif of S. Coffey” and P. Slansky.^* It has been 
already established that the drying of linseed pil can be divided 
into two stages, ran induction period which covers a considerable 
portion of the total time required for complete^'oxygen absorption, 
and a second stage in which the oil, having gelatinised rapidly, 
passes to its point of maximum oxidation, jt has generally been 
rftjcepted that the increased rate of oxygen absorption which results 
from the presence of “ driers ” such as the compounds of lead, 
manganese, cobalt, etc. in the oil has resulted merely from a speeding 
up of these processes, but the recent work of Coffey has established 
the fact that the induction period is so far reduced as to be almost 
eliminated, whilst the rate of the main oxidation is unaltered. This 
undoubtedly provides an explanation of the accelerating effect of a 
drier irSm the point of view of time, but until it is proved that the 
resulting “ dried ” products are the same it cannot be assumed 
that the course of the oxidation is identical in both cases. Coffey’s 
results strongly support this view, and are corroborated iij consider- 
able measure by the previous work of R. S. Morrell.’® It would 
certainly appear th^t in presence of a drier the oxidation of linolic 
acid is restricted to the absorption of one^olecule.of oxygen instead 
of two, and there is probably a sinjilar but more indefinite action 
in the case of linolenic acid Such effects as lliis readily explain the 
fact that in every case the oxygen absorption recorded is lower than 
that observed when no drier is present, and the reaction curves are 
different. The bearing of this upon the technical applications of 
raw and boiled linseed oil is at once evident, since with different 
reactions dissimilar products almost necessarily, result. 

Slansky 20 has observed the fact that the fatty acids obtained from 
linseed oil absorb oxygen more rapidly than does linseed oil itself. 
The rate of oxidation of the oil is increased by the addition to it of 
linolic or linolenic acid. 

The fact that about 35,000 tons of Chinese wood oil has been 
imported into the United States during this year makes it quite 
clear that this oil is now extensively used as a substitute for, or in 
partial replacement of, linseed oil. It is well known that the oil is 
obtained from various members of the Aleurites family, the A.fordii 
being most largely used in China whilst in Japan it is most largely 
prepared from A. cordata, H. A. Gardner and A. Reilly ,2^ who 
have prepared and# examined thp oil from the seed of A. cordata^ 
have clearly established the fact that the two oils are distinctly 
different, this being made evident by the fact that whereas the oil 
from A. fordii gelatinises on being heated, *fchat from A, cordaiCk^ 

” Chem, Soc. Tram,, 1922, 121, 17 ; J., 1922, 182a. 

Z. cmgewi Dhem., 1922, 66, 389 ; J., 1922, 904a. ’ 

« J., 1920, 153t. 

Z. angew, Chem., 1922, 86, 389 ; J., 1922. ^04a. 

” Circ. Iji, V.S, Paint Mamdfacturers' Assoc. ; J,, 1922, 904a, 
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yields a viscous liquid only. It has freque'^tly been raised as an 
objection to the use of wood oil that the dried film which it yields 
is cloudy or opalescent, but this difficulty can ^be overcome by 
suitable preliminary heat treatment, whether the oil is to be used 
in presence of a drier or not. As both varieties of Aleurites occur 
in China and Japan ij is highly probable that the imported oil is of 
mixed origin, and much of the published work on its compositicn 
is consequently of limited value. It is known, however, that 
(^hina* wood oil contains a large proportion of a-elajostearic acid, 
^\hich is readily transformed into the ^ form when ordinary isolation 
methods are employed. The work of 11. S. Morrell ^-his acid 
has been in large measure confirmed by K. H. Bauer and K. Her-’ 
Imt until the properties of the two forms of the acid have 
])(‘(‘n clearly established by careful examination of pure s}Qcimens, 
any ex])lanation of the peculiar properties of the oil is largely 
speciilative. 

llie extending use of perilla oil, usually in admixture with linseed 
oil, lends interest to the results of the investigation of the fatty 
acids of the oil ])y K. H. Bauer.^^ These arc stated to be a mixture 
of 12% of solid acids, mainly palmitic acid, and 88% of 
liquid acids which apparent Iv consist of a linolic acid and several 
gconud rically isomeric linolenic acids. 

A. Howard and S. Ilcmington'^*^ report on the investigation of a 
sample of safflower oil prepared by extraction on the semi-technical 
scale. A yield of 20*0% was obtained, and as the residual meal 
contained only 2^2% of oil it would appear that the difficulties met 
vitli in obtaining satisfactory yields when the crushed seed is 
hydraulically prcKssed, and which arise from the high content of fibre, 
are not exVnded to the solvent extraction process. The characters 
of the extracted oil arc generally in agreement with those already 
ascribed to this oil, but the glycerol percentage of 4-() found by the 
authors cannot be reconciled with a saponification value of 197-3 
and acid value 9-78, unless the oil has a most unusual composition. 

It is interesting to note that L. E. Fisher, 2 ® who has examined 
two small cargoes of rubber seed shipped from the Malay States to 
vShanghai, supports the opinion expressed in the Annual Reports 
for 1920, that the seeds deteriorate so rapidly that it would appear 
to h(‘ advisable to crush them in the country of origin. 

Semi-Deying and Non-Drying *Oils. 

The fluorescence frequently exhibited by cottonseed oil expressed 
from seed of Indiaif and Chinese origin is undoubtedly to be 

J.; 1918, 181t. 

Cfiem. Umsc/Kiu, *1 922, 29, 229 ; J., 1922, 638a. 

Farben-Zeit.. 1922, 27, 2756 ; J., 1922, 719 a. 

BuU. 124, Agric, Res, Inst, Puaa, 1921 ; J., 1922, 109a. 

Cotton Oil Prtss, 1922, 6, [12], 36. 
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attributed to some coifstituent of the seed, the presence of which is 
largely affected by climatic conditions during grcvwth or harvesting. 
This opinion is upheld by L. E. Fisher, who states that under 
similar conditions of manuring and cultivation, ^seed from the same 
district will one year give an oil with a very evident fluorescence, 
whereas another year the oil will ])e practicjhlly free from fluores- 
cence. In referring to the suggestion by H. H. Fash^* that fluores- 
cence can originate from the overheating of crushed seed in the 
kettle, Fisher states that seed which is badly overheated during 
storage certainly gives this fluorescence in a more marked degree 
than fresh seed from the same district ; on the other hand, fresh 
seed ffom one district may be similar in this respect to over-heated 
seed from another district. As fluorescumt oil gives unsatisfactory 
results iTi the refining process, and is therefore depreciated in valug 
as a foodstuff, it would appear to bo desirable to ascertain the 
nature of the fluorescent substance, and establish means either to 
prevent its development in the seed, or to remove it' from the 
refined oil. With the extension of cotton -growing in our Colonies ' 
this defect in oils of, Eastern origin is the more worthy of attention. 

Since the large quantities of grape-seeds which ih-e available in 
wine-producing districts are a potential source of oil, its approximate 
composition as determines! by F. Rabak“®<^s of intcrest-^linolin, 
53‘6 ; olein, 35-9 ; palmitin, 5-2 ; stearin, 2-’2 ; unsaponifiable, 
1 - 6 %. 

The detailed analysis of maize oil carried out by W. F. Baughman 
and G. S. Jamieson*'’® has cleared up several points which had pre- 
viously been in dispute as to the various constituents of this oil. 
Their results show its composition to be : — Glycerides of .oleic acid, 
45*4% ; of linolic acid, 40-9% ; of palmitic acid, 7-7% ; of stearic 
acid, 3-5%; of arachidic acid, 04%; and of lignoccric acid, 0-2%, 
together with 1-7% of unsaponifiable matter. 

It is, of course, well known that the rise of temperature resulting 
from the rapid oxidation of highly dispersed quantities of fatty 
acids less saturated than oleic acid or their glycerides, may bring 
about ignition of the mass. The observation of A. Welter®! that 
the soda soaps of these acids when dry, and in flake or powder form, 
are equally capable of oxidation and consequently heating, is of 
distinct technical importance. He quotes a case in which about, 
hsdf a ton of dry fiowdered soap, prepared from cotton-seed oil, 
developed such a rise in temperature that in half an hour it had 
ciiarred to a coke-like mass. Olive oil soaps show no, tendency 

S’ Cotton Oil Press, 1922, 5, [12], 36. 

. S8 Ibid., 1022, 6, [9], 31. 

s» J. Ind. Eng. CJiem., 1921,18, 919 ; J., 1922, 21 a. 

»» J. Amer. (Jhem. Soc., im, 43, 2696; J., 1922, 222a. 

” Ch€m. Umschau, 1922, 20, 161 ; J., 1922, ^08a. 
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to such an increase in temperature. W. Smith,®® who- has 
examined the fatty acid obtained from soya bean oil, which had 
an iodine value of 134, states that the acids consist of linolcnic acid, 
2-3% ; linolic acid, 155-57% ; oleic acid, 20-27% ;* saturated fatty 
acids, 9-10%. 

Solid Fats. 

The composition of the glycerides of which oils and fats are 
com]M)Scd is of much interest, but no satisfactory method has been 
suggested yet whereby they may be isolated in anything approxi- 
mating to quantitative measure from the natural mixtures in which 
they occur. It has been known for a long time that mixed glycerides 
occur in the various oils and fats, and there can be no doubt that the 
conijiosition and proportion of these glycerides very markedly 
affect such properties as the texture and melting-point of solid fats. 
'Dicse ])roper1ies are of great importance in the manufacture of 
margarine and other fatty mixtures, but for the present manufac- 
tiux'rs are dependent upon experience and the results of trial blends 
wlicn adjusting the proportion of the constituents of their proilucts-. 
Oystallisation from solvents has been tried as a»means of separation 
by many workers, with very limited success. J. Dekker®® has 
ai)])lied this method to soluoions of beef fat in ether, but results 
of Ins \’ery ext(uided series of crystallisations carry us no further 
than has been dorfc by earlier workers. From an examination of 
tlircc fract ions melting respectively at 70°, 63°, and 58° C., he has 
]u'('sumed the pT'csence of tristearin, distearopalmitin, and dipalmi- 
t()st('arin in the fat. By fractionating the methyl and ethyl esters 
(jf the fatty acio i obtairu'd from butter fat F. Frog and S. Schmidt- 
hii('isen ■ '‘iDonclude that tlie percentage composition of the acids is : — 
Acetic, a trace ; butyric, 3-4% ; caproic, 3*3% ; caprylic, 1*9% ; 
caju’ie, 3%; lauric, 3-7%; myristic, ]2'9%; palmitic, 20*8%; 
st(‘aric, 6-2% ; oleic, 27-0% ; and unidentified acids, 9-8%. They 
suggest, possibly with reason, that some of the unidentified acids 
arise from the feeding materials, although the cows yielding the 
milk from which the fat was obtained were fed on a standard 
mixed diet. 


Marine Animal Oils. 

The investigation carried out on behalf of the Medical Research 
(Vuiiicu by J. C. Drummond and*S. S. Zilva,®‘^into the methods of 
mn-nufacTuring cod-liver oil in Norwegian factories, and their effect 
upon ihfi vitamin cpntent of the oils, has cleared up many points 
nhicl* have been in dispute for a long time. Oils made by modem 

®- J. hid. Eng. Chlm,, 1922, 14, 530 ; J., 1922, 768a. 
rharm. Fn khlad, 1922, 69, 305 ; J., 1922, 333a. 
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process^, i.e., the sleamed oils, which are almost always light ha 
colour, have a vitanlin value as high? if not higher, than that oi 
the old “rotted ” oils which were almost invuriably of a brown 
shade. Indeed^ it would appear that the m^hod of preparation 
has less influence upon the vitamin content of the oil than changjis 
in the diet or the physiological state of the fish at various seasons. 
It is particularly interesting to note that th^ authors have clearly 
Established the fact that oils intended for medicinal use need not 
be made from cod livers, and that some other fish liver oils, notably 
that of the coal fish, are usually superior to cod-liver oil in their 
content of vitamin A. M. Tsujimoto®®* has greatly extended his 
already wide investigations into the nature of the shark, ray, and 
other.marine-animal liver oils. It is of interest to find that squalene 
is not an invariable constituent of the unsaponifiable matter of 
these offs, as is evidenced by the fact that kagurazame oil, obtained 
from the liver of Hexanchus corinus, consists mainly of two new 
dihydric alcohols having the formulae C^H4208 and O20H40O3, 
squalene being absent. The alcohols havo^een named batyl and 
selachyl alcohols respectively. These alcohols form the principal 
constituents of the^ unsaponifiable matter of the liver oils of a 
number of other species, whilst in still o^ers they are found associ- 
ated with squalene. T. Lexow,®® v/ho has examined the liver oil 
of the prickly dog-fish (Acanthem vulgarisf, found it to contain 
upwards of 12% of unsaponifiable matter, in wh^ch neither squalene 
nor higher alcohols could be detected. The cholesterol test is 
responded to, but the acetate melts below 100° C. It is not impos- 
sible, as our information concerning these constituents of the 
unsaponifiable matter is increased, that a means df identifying 
at least classes of these oils may be derived from this woik. 

Waxes. 

Mo'ntanic acid, to which the formulae CggHBeOg and CaoHsgOj 
have variously been ascribed, has hitherto been regarded as the 
only acid present in montan wax. By fractionating the methyl 
ester of the crude acid, H. Tropsch and A. Kreutzer®® have isolated 
two acids having the equivalent weights of 410*7 and 439*0, and 
m.ps. 82° C. and 86°-86*5° C., respectively. It is concluded that 
j^he former of these acids, for which the name carboceric acid is 
suggested, has the , formula C27H54O2. It is probably identical 
with an acid identified in Chinese* wax by Gascard.®® The acid of 

higher melting point, having the formula C29H48O2, was esteemed 

• 

»« Ghem. Umschau, 1922, 29 , 27, 36, 43 ; J., 1922, 222a. 7 

J. Ghem. Ind. Ja^pan, 1922, 25 , 252 ; J., 1922, 598a. 

Ghem. Umechau, 1922, 29 , 59 ; J., 1922, 300a. ' 

Brennatqff-Chem.y 1922, 8 , 1922, 208a, 

1920, 496a. 



OILS, FATS, AK© WAOT8. Sll ' 

to be pure montanic acid. In the benzene extmct of lignite another 
acid having the formula C26lt6o02 was also identified. G. Schicht 
A.-G. and A. GWin* claim the preparation of synthetic waxes by 
oxidising aliphatic Jiydrocarbons of high molecular weight by 
means of an excess of oxygen at a temperature of at least 150° C. 
The products of oxidation are divided into a solid and semi-solid 
portion by pressing, of by means of organic solvents. The solid, 
waxes thus obtained closely resemble beeswax. 

Hardened Fats. 

It is interesting to find that the opinion expressed in the Heports 
of last year that the highly sueeessful application of the process of 
hydrogenation to fats is now acting as a deterrent to its further 
extension, is very emphatically supported in a statement by W. 
N(a’jnann,^“ who first discovered the possibility of hydrogenating 
glyec'rjdfis in the liquid state. Norm«ann states that the fat-harden- 
ing industry in America is in a parlous condition because the margin 
hot w een the price of liquid oils and that of natural hard fats is less 
than the working costs of hardening. The author of this statement 
might well have gone farther by saying that since cottonseed oil, 
the oil wdiich has been most largely employed in the hardening 
proex'ss in the United States, has been of the same value as lard, 
and for a period has^ven been dearer, the possibility of producing 
from it a hardened fat to compete with lard is obviously impossible. 

Q’he rapidity of the technical application of Normann’s discovery 
has l)cen phenomenal, as is made clear by the fact that only three 
plants were opcTating in 1910, and they were struggling with the 
various difficulties of the process, whereas after twelve years no less 
than about 75 factories have, by their very efficiency, restricted 
their own operation. Practically no developments of the process 
fall to be recorded during the year, but there is no doubt that, given 
the necessary stimulu.; provided by sufficient price margins in the 
oil and fat markets, progress will be made on the lines indicated 
by E, E,. Bolton,^® i.c., a continuous process with a fixed catalyst 
ca])able of revivification m situ, delivering oil without appreciable 
loss of catalyst. 

E.IM83,186 ; J., 1922, 719a. 

angrw..Glu'm., 1922, 36, 437 ; J., 1922, 4G9e. 

1922, 384b. 
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PAINTS, PIOMENTS, VARNISHES, AND 
RESINS. 

By B. S. Morrell, M.A., PliJ)., F.I.C., 

Mefisrs. Mander Brothers, Wolverhampton. 

A RE^JEW of the literature of the paint and varnish industry shows 
that the published communications from America and from Ger- 
many are numerous, especially from the former country. Tho 
continuous stream of (contributions from the research department 
of the U.8. Paint Manufacturers’ Association marks energetic 
investigation of the problems of to-day and research on funda- 
mentals, which in due course will pave tho w'^ay to the discovery 
of new properties, and to the prodtiction of better protective 
coatings. In such a number of papers it^is impossible to ensure 
uniformity of quality, and some may show results which require 
careful confirmation. Nevertheless, there isf* energy in the work, 
and encouragement on tho part of the produ'cer and the user. 
With no organised research this country runs the risk of being left 
behind in an ii\dustry wliich was pecuharly British in its quality, 
reliability, and value. In almost every previous report reference 
has been made to the small number of English contributions, and 
this year the detect is very noticeable. In any report on progress, 
in which reference is made to German contributions, care must be 
taken to decide that such arc not merely repetitions of work done 
by investigator in other countries, especially in England. It 
has been the experience of the writer of this report to find previously 
published work either unacknowledged or tho results stated so that 
they rank as German discoveries. 

In a survey of the year’s work it would appear as if special atten- 
tion had been paid to problems of catalysis of drying oils, to the 
constitution and properties of colophony, to the fineness of grinding 
Y)f pigments, ancr to the problems of flow in paints and varnished' 
^The language of the schexd of colloid chemists is being used by 
investigators 4n the industry with a certain, lack of precision wi&ch 
^ is not helpful *to careful research. There is a tendency to nl^lect 
the systematic examination of the relationships between physicfl 
^properties and chemical composition, and to put down changes 4s 
’^being due to alteration fh dispersion, or even to neutralisation ^ 
electric charges. ^The neglect of problfems of structural formate 
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may be caused by lack of encouragement to Workers in this field 
of research, and by the influence of the catalytic school of chemists, 
who deal generally with systems far simpler than those encountered 
in the paint and vaAiish industry. W. B. Parker^ states that 
(luring the last twenty-five years no paper dealing with the 
chemical properties of •resins has been contributed from British 
Universities or Technological Colleges, and there is only one British 
investig?tor, assisted by collaborators, who has published results 
recently. If real progress is to be made in the future it must be 
sought for in the investigation of the relationships between chemical 
constitution and physical properties. 


Drying Oils. 

A Committee on Contact Catalysis appointed by the American 
National Bescarcih Council has recently issued a report, in which 
tlio facts and theories of catalysis are critically reviewed. W. D. 
UancrofU has published a summary of the findings of the comraitt/ee, 
and a few extracts may be of interest in consid(?ring the problems 
of 1h(^ drying of vegetable oils. In certain cases of contact catalysis 
((/. the action of metallic lead as a drier of linseed oil) it is presumed 
th;\t definite intermediate compounds are formed. In other cases 
no definite intermediate compounds are formed, but adsorption 
occurs, producing many indefinite substances. 

E. E. Armstrong and T. P. Hilditch® have found that in the 
partial hydrogenation of ethyl oleate, in addition to stearic acid 
isomeric oleatc^s are formed — a fact that must not bo overlooked 
in considering the oxidation of a drying oil. For catalysis to occur 
the reacting •substances must be converted rapidly into active 
modifications, or into active compounds. The suggestion that 
catalytic agents emit i”fra-red radiations,^ and that these radiations 
cause; catalysis, seems, in the opinion of the Committee, to be quite 
inadequate to account for the phenomena. The functions of 
catalytic agent ” and “ promoter ” are stated to be that of 
activating either of the interacting compounds. If the given 
('atalytic agent adsorbs or activates two substances in the wrong 
j>arts (d the molecule it may easily retard instead of accelerate the 
reaction. Any strongly adsorbed solid,® liquid^ or gas may act 
as a catalytic poison, and this shohld be distinguished from cases 
in which the catalytic agent sinters together, so as to occupy less 
surface and to dimmish the superficial activity. 

' J. Oil and Col. Chef[rt,. Assoc.^ 1922. 

' J. Ind. Eng. Chem. 'y 1922, 14, 326, 444, 645. 

“ J., 1922, 304r. 

^ W. McC. Lewis, J. Amor. Chem. Soc., 1920, 42, 2190. 

‘JE. B. Maxted, Chem, Soc. Trma., 1921, 119, 226. 
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’ K. W. Rosenmund and F. Zetzscha® have made successful use of; 
“partial poisoning” to stop a reaction at any given point. It i# 
evident that catalytic agents activate certain molecules in (Afferent 
ways, e.g., alcohol is transformable into eHiylene, and water by 
an alumina catalyst, or into aldehyde and hydr6gcn by a ni(jkel 
catalyst. The application of Kideal's proposal to connect over- 
voltage with contact catalysis has no direct bearing on the oxidation 
problems of linseed oil. The idea of catalytic agent and promoter 
finds a parallel in the use of two driers of widely different activity, 
€.g., load and manganese. Ccirtain substances, c.g., pyridine, in 
very small quantities, greatly retard the activity of lead and man- 
ganese driers, thereby acting as poisons. The report contains the 
results of the examination by W. C. Bray’ on the catalytic oxidation 
of carbon monoxide in air in the presence of various oxides, e.gf., 
cobalt, manganese, copper, silver, etc. The actual catalysis involves 
a dynamic equilibrium, in which the oxide of the metal should 
oxidise carbon monoxide to carbon dioxide and be retJtored to its 
original condition by the oxygen of tlie air at the temperature at 
which the change operates. The catalysts used by Bray were 
highly absorbent porous materials inid could be poisoned by 
adsorbed water vapour, but if the temperature wore raised to 
70°-90° Vj. the activity was regained. T^e concentratioU of the 
carbon dioxide produced must be considered as exerting a retarding 
action. One of the most active catalysts vas a mixture of 60% 
mangaiK'se dioxide and 40% cupric oxide, operating as low as 
0° C. The great activity of the mixed catalyst compared with that 
of the component oxides separately is most staking, and moreover 
the mixed catalyst adsorbs carbon dioxide much less than manganese 
dioxide alone. Bancroft states that in the examination of catal 3 rtic 
reactions it is necessary to determine in what cases definite inter- 
mediate compounds are formed, and what these compounds are; 
secondly, to determine what bond and contara-valencies are opened 
when adsorption takes place, and to show that the opening of these 
bonds and contra-valancies accounts for the formation of the 
reaction products, presuming that a bond consists of two electrons 
held jointly by the two atoms in question. 

Armstrong and Hilditch® in their criticism of the Report, state 
that the adsorption school of physicists and intermediate-compound 
group of organic tchemists ha\e developed theories which are on 
closely-converging lines. They suggest that the next move should 
“be a definite acceptance of the above fact by both sides, followed 
by a mutual, exchange of views so as* to facilitate furth^ 
progress. 

« Ber., 1921, 64, 435, 638* 1092; J., 1921, 321a, 368a, 448a. 

’ J. Ind. Eng. Chem., 1920, 12, 217 ; 1922, 14, 547. 

1922, 304r. 
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s. Coffey® has shown that in#the oxidation of Jinsccd oil by drie^ 
the course of oxidation is modified. The induction period is 
shortmed, but there Is a lowering of the final oxygen absorption, 
e.g., the percentages lof oxygen absorbed by linseed oil in the 
presence of lead monoxide, red lead, lead acetate, cobaltous oxide, 
and manganese borate {|ro 17, 17, 24, 25, and 33% respectively ; 
when no driers are present the oxygen absorption of linseed oil is 
28-7 %. The oxidation curves do not run parallel to the curve for 
linsted ()il alone, and deviate considerably from the logarithmic 
curvi^ suggested by Fokin. Carbon dioxide is evolved in the 
prcisenec or absence of driers, but no trace of hydrogen peroxide 
was ch'tected when driers wiive present. 

V. Slansky^® believes that the drying process of linsf'cd oil can 
best be studied from a colloidal standpoint. When air is blown 
through linseed oil, the oil becomes more viscous, with a reduction 
ii) the iodine value, and an increase in the amount of hydroxy acids. 
After loll hrs. a very viscous oil was obtained, soluble in ether and 
chloroform and containing 39% of hydroxy acids. After 18 hrs. 
the hydroxy acids had increased by only 1%, but^the oil was solid, 
and only ])artially soluble. Linoxvn owes its important character- 
istic of firmness to coagulation of oxidised glycerides. The coagu- 
lation ])oiiit is influenced not only by the concentration of the 
hydroxy acids, but |^lso by various other (hrcumstaiices. Just 
as in llie polymerisation of linseed oil by heat, so in oxidation 
there is also a critical coagulation point. The addition of oxygen 
to linsec^d oil is accelerated by the presence of linseed oil acids, 
and olcic! acid promotes the gelatinisation of finseed oil, but slightly 
retards its setting. The importance of investigating the conditions 
of coagulaticni of the oxidised products of linseed oil is very great, 
as uniformity of coagulation must play a part in the production 
of a plane or even surface. Slansky states that liiioxyn can absorb 
moisture up to 15% of its weight. 

J. Marcusson^^ considers that fatty oils blown at the ordinary 
temperature, and at 120° C., undergo intramolecular polymerisa- 
tion, whereas at higher temperatures (200°-300° C.) the polymerisa- 
tion is bimolecular. A fish oil blown at 230° C. for 7 hrs. gave a 
molecular weight of 1200, against an original value of 784. 

F. Fi itz *2 states that linoxyn on exposure jpadually becomes 
viscous and soluble in alcohol, with^ the forma ticn of fatty acids, 
even when the linoxyn is kept under water, and P. Slansky® notes 
that the moisture absorbed by linoxyn exercises a saponifying 
action on tffj t substance. 

Chern. Soc. Trans,, W22, 121, 17 ; J., 1922, 182a. 
angew, Ghem., 1921, 84 , 533 ; J., 1921, 904a, 817 a. 

Mitt, Materialpriif , 1921 , 38 , 313 . 

“ Cham. Umachau, 1921, 28 , 29. 
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•F. H. Rhodes and K. S. Chew* *• ® hg,ve investigated the acSon of 
vanadium compounds as driers. Vanadium pcntoxide heated at 
350° C. with linseed oil for 2J hrs. or ammOnium meta vanadate 
heated with liiiseed oil at 300° C., or resins h,eated at 250° with 
the two vanadium compounds mentioned were compared with lead, 
manganese, and cobalt driers in 1% solution in oil. Vanadium 
^ drying oil is more active than the corrcsjjonding manganese and 
lead oil, but it is inferior to a cobalt oil. Vanadium oils are darker 
in colour and give a brown skin. 

, L. L. Steele anti G. G. Sward‘d find that the acidity of oils is 
best determined by using as solvent equal parts of alcohol and 
benzine during the alkalimetric titration. 

The paper by K. H. Bauer and K. Herberts*^ on tung oil has been 
criticised by R. S. Morrell,*® who points out that the transformation 
of the methyl eater of a-elaeostearic acid into jS-elaeostearic methyl 
ester can be brought about by distillation m vacuo, and th(^ trans- 
formation of the a-acid into ^-acid is not caused by saponification 
with alkali. ^ 

The theory of polymerisation is discussed by A. H. Salway and 
R. S. Morrell.*’ ‘ H. Staudingcr*® subdivides polymers into ‘two 
classes : (a) true ploymers which contain the atomic constituents 
united in the same manner as in the origin^ substances, and (b) false 
or condensed jjolymers pi’oduced by the interaction of two or more 
molecules with a rearrangement of atomic lii^kages, e.g., dierotonic 
ester from crotonic ester : 


CHjCH-CHa-COOCaHs 

CK3CH=(!!-COOCjHj. 

Salway considers that in the polymerisation of oils the fatty acid 
radicles of a fat are partially dissociated from the glyceryl radicle, 
and in this condition are capable of reacting chemically with the 
unsaturated linkages of a second fatty acid radicle, thus producing 
a partial saturation of the fat. The theory would account satis- 
factorily for many of the observed facts in polymerising fatty oils^ 
Morrell criticises the views of Salway and brings forward certain 
facts concerning the polymerisation of China wood oil, which 
appear to support Salway’s theory. The polymerisation of tung 
oil seems to be connected with the presence of the glyceryl radicle, 
,,by comparison ivith the properties of the methyl ester of a;i 
elseostearic acid. 

*3 J. M. Eng. Cftem., 1922, 14 ; J.. 1922, 

*< Ibid., 1922, 14, 57 ; J,, 1922, 260a. 

Chem. Urnschau, 1922, 29 , 229. 

*• J., 1918, J81t; 1922, 328t. 

*’ J. Oil and Col. Chem.^ssoc., 1922, 5 , 16, 22. / 

Ber., 1920, 68, 1073. 
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The paper by J. Marcusso*.^® on the polyiiperisation of oils is 
essentially a repetiti(^n of work which has already been published, 
and has been quv'.ted in previous Annual Reports. 

Tlie paper on the rc^lationship between the refractive indices and 
the* chemical characteristics of oils and fats by G. F. flickering and 
G. E. Cowlishaw^® is of interest to readers of this section, in so far 
as the results concern oxidised drying oils, if the refractive index < 
were affected so as to establish a relationship to the degree of oxida-- 
tion the results would be valuable. The complete equation : — 

Na - -0-0000(>G(S.V.)— 0-001)G(A.V./S.V.)-l-0-0()0171(I.V.) 

does not apply to tung oil, to which no reference is made in the 
pa])er. The investigation of changes in refractive index of China 
wood oil during oxidation as w'ell as the changes occurring during 
thickening would b(^ valuable. The process of drying is so (complex 
that dolinite connexion between refractives indices at different 
stag(‘s must be difficult. 

In the investigation of spe^cial drying oils the results published 
during the year include a conliiination by M. T^ujimoto'*^^ of the 
formula C22H34O2 for elu])anodonie acid. Clupanodonic acid was 
obtained from dapanese sardir*'? oil, in which it is present to 
Iht^ extent of 20%. Tsujimoto considers that it is a probable 
eomj)on(?nt of sea- ahd fresh-w'atcr fish oils. Perilla oil has been 
sliowii by Bauer ““ to' consist of a mixture of palmitic and linolic 
acids, and several geometrically isonuTic linolic acids. 

A. H. Sabin states that perilla oil has secured a permanent 
])lae(; in the varnish industry in America, so much so that all offerings 
of the oil ar(5 teken usually at a price above that of hnseed oil. It 
contains 12% of saturated acids. The examination by H. A. Gardner 
and A. Reilly-'* of Japanese tung oil from Aleurites cordata, 
from the Fukui l^rovince, has shown that it may be used to a 
c;onsiderable extent for the same purposes as Chinese tung oil. 
The iodine value (150-2) and index of refraction (1*4981) are lower 
than those of the Chinese variety. The seed contains 51% of oil. 
Voder the A.S.T.M. standardised heat test the oil yields a viscous 
lifpiid and does not gel. When the oil is heated between 250*^0. 
and C. for several hours it dried in hrs. to a clear film, and 
it is the only cue of the series which gives a clear film without 
driers ; moreover the time of drying compared fe^vourably with that 
of heavy bodied linseed oil (58 hrs.). 

Z. artv Vhem., 1922, 35, 543 ; J., 1922, 8C7a. 

74t. 

*** Ch(m. Umschau, >922, 29, 261 ; J., 1922, 719a. 

Farben-Zeit., 1922, 27, 2756 ; X, 1922, 719a. 

Ind. Eng. C/^em., 1922, 14, 776. 

Circ, 138, 1921, Paint ManuJ. Anaoc.t U,S»A, j */., 1922, 904a. 
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Lumbang (candle liat) oil from Aleut lies moluccana has beensho^^ 
by A. P. West and Z. Montos,’*® to remain fluid up to 316° C., and 
if held at that temperature it begins to distil regularly, gelatinising 
when one-third has been volatilised. Although extracted from 
Aleurites it does not contain elajostearine, but glycerides of linolehic 
(6‘5%), linolic (334%), and oleic acid (5t-'-9%), and solid acids 
v2-8%). 

H. A. Gardner and E. Bielouss^* indicate a method for transforming 
less unsaturated substances, e.g., petroleum and semi-drying oils, 
into substances which may have a useful drying value. When 
mineral oils containing C 17 H 35 and Caelia* were chlorinated to add 
thre^ or four chlorine atoms, and the products dechlorinated to 
remove HCl, products with iodine values of 70-1 30 were obtained. 
Soya-bean and cotton-seed oils, when subjected to similar treatment, 
gave substances of increased drying properties. 

In a review on the composition of soya bean oil by Matthes and 
Dahlo,^’ the presence of palmitic acid, and not stearic acid, together 
with 2% of linolenic, 55% linolic, and 26-27% oleic acid, is of 
interest. E. A. Tij^chudy^* points out that in the determination of 
linseed oil in mixtures by means of tjje iodine and hexabromide 
values of the fatty acids the error may vary from 17 to 18% of 
the linseed oil present, which is not a satirfactory outlook for the 
estimation of adulteration of linseed oil. 


Resins. 

The importance of investigations on the constitution of abietic 
acid cannot be overestimated. The concensus of opinion is in 
favour of the formula C 20 H 30 O 2 , but the representation of its 
numerous isomers is very controversial. Recent literature on the 
subject is considerable and progress can be reported. Seidel*® 
identified three abietic acids with melting points that depend to 
some extent on the history of the sample, because the amorphous 
forms have lower melting points than in the crystalline state, and 
the amorphous varieties change slowly into the crystalline form 
on heating for periods peculiar to the isomeric forms. The boiling 
points of the three modifications in an absolute vacuum (green 
cathode light) of the a-acid, ^-acid and 7 -acid are nearly constant, 
especially the j3- ^nd 7 -acids. •Seidel is of the opinion that the 
theory of the acids in ordinary rosin being anhydrides, whereas the 
drystalline acids are hydrates, is incorrect. 

Philippine J. Sci., 1921, 18, 619. 

Ind. E7ig. Chem.f 1922, 14, 619 ; J., 1922, t39A. 

^ ^ Oil and Col Tr. J., 1922, 221. 

, Ind. Eng. Chem., 1924, 13, 941 ; J., 1922, 21a. 

** Dissertation^ Mannheimt 1913. 
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L. L. Steele,®® accepting ,the view that rpsin contains abietic 
anhydride and using Knecht and Hibbert^s method of hydration 
by 98% acetic acid, obtained from W. W. American rosin a 50% 
yield of an acid with a constant melting point 16i°-165° C. The 
acid could be recrystallised from alcohol, or from glacial acetic acid. 
The acid value was 186, the iodine value (Wijs, | hr.) 168-6-171 
(calculated for two double bonds, 167-9) and a„=80° (Schultz 
obtained -77-9°). These melting points do not agree with the 
figures* given for either a-, or 7 -abietic acid. The remainder 
of Steele’s paper is concerned with the preparation and examination 
of a number of precipitated metallic abietates, lead, manganese, 
cobalt, and nickel ; their metallic contents are all slightly low, 
due to the presence of traces of occluded sodium abietate, biit all 
tko soluble in benzene. Iron and chromium abietates are of 
indefinite composition. 

For recent details as to the preparation of metallic resinates 
reference may be made to an article by M. de Keghel.®^ 

L. Kuzicka and J. Meyer®® by the’ distillation of American colo- 
X)bony at 1 mm. pressure, obtained an acid of b.p. 200°-210° C., 
with a melting point, 158° C., which agrees witli the melting point 
of a-, or 7 -acids which had been previously strongly heated. 
The reduction of this acid gave a mixture of dihydro and a tetra- 
hydro acid. 

A. J. Virtanen®® ^^as prepared a series of hydrogenised retenes, 
and after comparing them with the hydrocarbons of rosin oil, 
concluded that all resin acids contained a hydrogenised retene 
nucleus. There is now practical unanimity upon that conclusion, 
but there is still disagreement as to the position of the side groups. 

Soane®* In a careful summary of the literature on rosin and rosin 
oil, states that, in the meantime, it is safe to assume that the 
differences in the relative position of the methyl and isopropyl 
side-chains may acemmt for the isomerism of the resin acids. 
Rosin oil consists essentially of a mixture of hydrocarbons of the 
hydrogenised retene type, together with such decomposition 
products, approaching a benzenoid character, as result from a 
cracking process, as the higher temperatures of distillation are 
reached. 

A. Griin®® suggested that abietic acid results from a combination 
of a-pinene and j5-pinene with subsequent oxidation of a methyl 
group to a carboxyl group, and that the various rosin acids are 
accounted for by different modes of combination. The following 

J. Amp:. Chem. Soc., 1922, 44, 1333 ; J., 1922, 658a. 

®* Chem. Trade J., 1922, 289. 

Heh}. Chim. Acto,il922, 6, 316 ; J., 1922, 482a. 

J. Oil and Col. Chem. Assoc., 1922. 

** Annalen, 1921, 424, 160. 

** Z. Deuts. OeU u. Fett-Ind., 1921, 41 , 49 ; J., 1921, 311a. 



It’EpOIlTS Or THfi PBOOSfiSS OP APPLIED CHlfiMlSTR'?. ^ 

^ ( 

formul*, taken froni Soane’s paper, ,.-wiU indicate the suggested 
constitutional formal*, as well as the connexion with retene 
and phcnanthrenc. It is evident that they are modifications 
of the constitulional formula of abietic acidr, proposed by T. H. 
Easterfield and Bagley in 1904. 



h 1 <^h 

Abietlacifl 
(Grim, lOiil). 


CHj CHj 


hJ JHj 

Dipentfuc (’loHii,* 


C,H, • 

H f ,,C0011 

Jh, 


Plimbioiic iu-ld 
r.,„lliuOji (Yiramon). 


c.ih 

11 pi one. t 


t Accoidin« to Ru.J<lfa, tbo 

oneof th« lollowhiK positions CH ,:COOU- «..5, 5.4. (U, -.8, -.7. 

K. G. Jonas criticises the constitutional formulae of ahietic 
acid on a phenanthrene and rctone basis. He has prepared hexa- 
hydrogenated phenanthrenes and retenes and compared their 
physical constants vdth .those of hydrocarbons obtained from 
abietic acid and concludes that they do not belong to the 


same series • 

Abietic acid obtained from the fresh oleoresin of Pini^ sylvestrts 
gave two liquid esters, separable by fractional distillation, and 
which, by rapid saponification, yielded two different a-abietic 
acids, whilst 6- and 7 -abietic acids furnished simple tnoychc esters^ 
By the esterification of a-abietic acid by hydrochloric acid anC 
methyl alcohol another ester was obtained ^flifferent from the tw 
mentioned above, which pn saponification gave another a-abietw 


*« Chem. thnschau, 1922, 29, 223. 
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acid, which he states is an nnsaturated tetr^yclic a-abietic acid. 
He criticises the conclusion drawn by Wienhaus that rosin acids 
on treatment with "mineral acids pass into a more unsaturated 
form (sylvic acid fcym). Jonas considers that Virtanen’s for- 
nmla for pinabietic acid is improbable and favours the formula 
of Grtin as to abiotic acids being condensation products of terpenes. 
From the oleorcsins (3 Phms sylvesiru he obtained pinene and 
abiotic acids, also hydrocarbons O 20 H 30 and C 20 H 32 , diU^rpencs, 
together with an alcohol O 20 H 3 . 2 O, and an aldehyde C 20 H 30 O, 
intermediate i)roducts of the resin acids, which could be formed 
from terpones. Unfortunately, no mention is made by him of the 
work of Ruzicka and Seidel, whose results would appear to be 
reliable. The dillicmlty in deciding between the proposed consti- 
tutional formulae lies in the fact that the olcoresins theniselyes 
ditter ])robably in composition, dci)ending on the source of origin, 
as in the case of varieties of turpentine ; moreover, the conditions 
of ])r(‘]iaration of rosin vary greatly as to temperature conditions, 
so that one may expect similar differences to those occurring in 
the formulae for the terpene hydrocarbons. Undoubtedly the 
formuhe on the retene basis are as correct as thosb on the terpenoid 
basis, and the bewildering number of isomers may be partly ex- 
j)lained on the basis of Ruzicka ’s representation and on polymorphic 
forms. I 

(). Aschan’'*® has separated from the liquor of sulphate cellulose 
facdories, as well as from American and Finnish colophony, a new 
series of resin acids, which he provisionally terms colophenic acids. 
Tlu'se have the general formula and are monobasic, 

b(‘ing pak^ yellow in colour. The alkali salts are dark yellow or 
biovMiish yellow, and soluble in cold water, distinguishing them 
from the salts of other resin acids. These acids are : hexadecacolo- 
phenic acid m.p. 96"-105“ 0., heptadecacolophenic 

acid, m.p. 100°-105‘^ C., octodecacolophenic acid, m.p. 90°-100° C. 
The colophenic acid of Aschan is regarded by W. Fahrion^* as 
id(‘ntical with oxyabietic acid, which he had discovered to be 
formed by the autoxidation of colophony, but to this view Aschan 
demurs, being of opinion that the product examined by Fahrion, 
and described as oxyabietic acid, could not be a pure substance. 
Aschan^® states that colophenic is an excellent material as a varnish 
resin, its solutions in ethyl and methyl alcohol gi^^ing a film which, 
becomes very hard on exposure to air. Levy’s abieteno and 
Virtanen’s pinabietene« must be regarded as structurally identical 

j • 

iJis/^frtation, Heidelberg, 1913. 

1921, 64, 867 1921, 439a. 

Ibid., 1922, 66, 700 ; J., 1922. 300a ; 1921, 780a. 

Ibid., 1922, 66, I, 3 ; J ., 1922, 183a. 

Cf. J.. 1921, 694a. 
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7.13-diraethyl-2-isopippyl - 5 . 6 . 7 . 8 . 9i. 10 . 13 . 14-octahydropheiian- 
threnes.*^ E. Stock^® is also of tho opinion that colophony is not 
an anhydride aijid confirms the results of Tschirch on the production 
of a-, and y-acids from abietic "acid. ]\^r)rcover, he confirms 
the tendency of heat to transform abietic acid from a colloid to a 
crystallised condition. Kccrystallised abietic acid might contain 
'^dsomcrs, but they cannot be detected by melting points or boiling 
points in vamo. In addition to the various forms of abietic acid 
American rosin contains 10% of rescue, 0*5% of ethereal oils, and 
0-5% of impurities. 

The commercial applications of colophony are described by an 
anonymous author. The yield of olooresin from the stock pine 
is better than from the long-leafed pine.'‘*^ The esterification of 
fossil resins and the production of neutral varnishes from them is 
discussed by II. A. Gardner and P. C. Holdt.^® 

A review of the question of purchasing spccificuitions for resins and 
shellac is given by W. B. Parker. The author points oqt that with 
the exception of shellac and rosin no serious attempt has been made 
to develop the existing knowledge of these important raw materials 
into standards wliich could be made the basis for their purchase. 
The advent of the so-called synthetic resins must ultimately force 
those who deal in natural resinous*product^to recognise that unlesfs 
they keep pace with the modern demana for exactitude in raw 
materials their businesses must perish. Thf author admits that 
difficulties must be overcome before the specifications put forward 
by him become generally acceptable, but he believes that they 
could be surmounted by determined and concerted action. For 
practical purposes he considers the following factors suitable for 
specification purposes : (1) Chemical : moisture, % ; mineral 

matters, % ; total noii-resinous matters, % ; iodine value ; acid 
value ; saponification value (hot) ; rational composition, % 
(partial or complete) ; (2) Physical : Gross solubility, % in specific 
solvents, colour, size, cleanliness, habit (when of positive value). 
The author has considered some actual values for a few of the most , 
utilised resinous materials and has put those values into draft 
specifications with tho object of showing how they could be utilised^ 
in compiling specifications. In drafting the specifications Parker' 
has depended almost entirely upon the test data obtained in the| 
chemical departi^ent of the British Thomson-Houston Co. He is| 
of opinion that the work ought to be continued by a committro 
of the Oil and Colour Chemists’ Association. The standards 10^1 

«« Ber., 192^ 66, 2944 ; J., 1922, 947a. 

« Farhen-Zeit., 1921, 27, 160, 221, 287, 353, 416. 

« Chem. .Trade J., 1922, 507. t 

A. Carey t U.S.A. Forest Service ; O.C^Tr. J., 1922, 1935. 

Circ. 161, Paint Mant^ra. Aaaoc. U.B. ; J., 1922, 947a. 

Oil and Col. Chem, Aaaoc., 1922. 
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down by Parker are almost tbo high to meet ^ith general approval, 
although the imporijance of investigating the fundamental properties 
of the raw materials ought to be recognised. It is work to be done 
by a Research Association or a Paint and Varnish Institute. 

R. R. Majima^* has made another valuable contribution on the 
chemistry of Japan lat;. Hydrourushiol is present to the amount 
of 10% in urushiol (the main component of Japan lac). In addition, 
the following substances are probably present : CeH3{OH)2.(CH2), 
CH : ( ’H(CH2)5CH3, which, on oxidation, gives heptanal and the 
acid 0 (jH 3(()H)2.(CH2)7CO()H, or its homologues, and CeH3(OH)2 
(CR2)7^^^H • CH. (0112)4(^11 : OIL, which is oxidised to formic acid, 
and the same aromatic substances as the preceding compwnd. 
Analysis of the bromide and ozonide of its dimethyl (^ther and the 
A’ oil! me of hydrogen absorbed during reduction indicate that it 
contains two double bonds in the molecule. Urushiol is a mixture 
of catmpounds which differ from one another in the number and 
])osition of the double bonds in the long normal carbon chain ; 
i.i this respect they resemble the vegetable drying oils. So far it 
lias been impossible to separate urushiol into its components. 
. Nevertheless all are converted by reduction into the same hydro- 
uriishiol, and urushiol has a niran molecular formula C2iH3202 or 
CfiH3(()H)2Ci5H27. Burmese lac (Mdanorrheea usitata), “ thitsi,” 
contains thitsiol, a Ihomologue of isohydrourushiol, and as judged 
by the amount of l^drotliitsiol produced on reduction it cannot 
amount to more than one-third of the original material, whereas 
hipanese or Chinese laccpier gives hydrourushiol, or hydrolaccol 
to the (^xtemt of Indo-(yhinese lac, }>rol)ably from Rhus 

micccdnnvn,^ contains laccol, which is easily reduced to hydrolaccol 
('u 3H4„02 (isomeric with hydrothitsiol), and is a higher homologue 
of hydrourushiol. Formosa lac (Scneocarpus veniicifera and 
RJiiis orlenialis) contains laccol as main constituent. The toxic 
action of Japan lac is due to urushiol. Laccol and thitsiol are 
ccpially poisonous, but less than urushiol. 

Tschirch*® ascribed to aleuritic acid obtained from lac the 
fonnula of a dihydroxytridecylic acid. C. Harries and W. Nagel 
have examined aleuritic acid prepared from shellac by treatment 
Avith N jh caustic potash, whereby the potassium salt was separated. 
A yield of an acid, m.p. 100 ° C., w^aa obtained. On reduction 
Avith hydric'dic acid palmitic acid.was obtained, so that aleuritic 
acid appears to bo trihydroxypalmitic acid Ci6Hi902(0H)3. A 
n jiort^A 1^(5^ turpentine, and rosin has been presented by a 
special committee appointed by the Imperial Institute Committee 

Ben, 1922, 56, 172^ 191 ; J., 1922, 182 a, 

Die Harze u. Ilarzbehalterf II., 257. 

Chem. Umschau, 1922, 18 , 135 ; J., 1922, 474a. 

Ueportf Indian Trade Enquiry Imp. Insf., 1922 ; J., 1922, 203r. 
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for India to consider the possibility of increasing the trade in Indian 
gums, resins, and essential oils with the other parts of the Empire. 
Although Indian contributes 94% of the world’s annual production 
of lac, the industry is not well organised, ani adulteration of the 
lac products is common. Recommendations are made for improving 
the efficiency of the industry, and in the main confirm the findings 
of the Report on Lac and Shellac, by Lindsay and Harlow.'^® Special 
interest attaches to the possibility of obtaining supplies of turpentine 
and rosin from India, which is the only part of the British Empire 
that produces these raw materials in quantity. It is estimated 
that the present production of 50,077 cwt. of rosin and 152,442 galls, 
of tKrpentine in 1920, should in the future reach 440.000 cwt. and 
1,600,000 galls, respectively. The Committee consider that every 
effort should b(‘. made to increase production and to provide) adequate 
transport facilities in the forests. 

'J’he solubility of shellac in alkalis and alkaline salts has been 
examined by H. Wolff, who considers that the solution process 
is of the nature of peptisation.*^* ' 

The loss of alcohol-solubility of bleached shellac is said to be due to 
the coagulating effect of hydrogen ions Arising from the precipitation 
of the lac by acids and the maintenance of solubility by storage 
under water is due to the diminution of tSe acid concentration. < 
From a com})arison of ten artificial resins f^ith natural shellac - 
E. Femrobert'^'^ concluded that they were 'inferior in hardness 
and elasticity with the exception of Resinol M. and Albertol, 
but superior in lustre and polish to the natural shcillac. He con- 
siders that the slow volatilisation of the phenols may be tlie cause 
and hints at a danger if the artificial resinous material remain in 
contact with the Human skin for any length of time. A. Biilteman*^® 
maintains the great suiieriority of the varieties of Bakelite in 
insulating properties over the natural resin. Attempts have been 
made to connect peculiarities in constitutional formulie with the 
power of a compound to assume a re.sinous condition. W. Herzog 
and J. KreidB’ indicate that the group CH-CH*CO is resino- ' 
phoric, as instanced by the transformation of dibenzylidene- 
acetone at 180 ° C. into a polymeric resinous compound, m.p. 
85 °~ 98 ° C., soluble in turpentine, benzene, and ether. Herzog®® 
is of the opinion that IST - - C — N is a resinophore group as instanced 
by certain ureas v^iich yield resinous substances. He has found that 
thioureas-can be desulphurised by heating them above their melting 

Indian Forest Records, 1921 ; J., 1921r. 

Farben-Zait, J922, 27, 9130; J., 1922, 771a. 

A.*r. Laurie and Clark Ranken, J., 1917, 1242. 

Chem.-'Zeit., 1922, 08, 513. 

Kwnstatajje, 1922, 66, 36, 83. 

Z. anqm. Chem., 1922, 85, 465, 641 ; J., 1922, 771a, 988a. 

1921. 478a. 
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points SO as to eliminate hydrogen sulphide* yielding polymerised 
carbodiarylimidcs. * Similarly N ~ P = N is a resinophoro group. 
Tlic groat difliculty about the artificial resins is their permanence 
as solid colloid sullitances and a tendency to pass slowly into 
a* crystalloid condition, so that their value can only be decided 
upon after a prolonged exposure to the action of the air. 

Tlie number of patents for the preparation of artificial resin 
continues to increase. The majority are modifications of the 
formaldehyde condensation with aromatic substances in groat 
vari('ty. Aromatic hydroxycarboxylic acids have been condensed 
with formaldehyde and suitable catalysts to give resins soluble in 
}ilcohol and acetone, applicable for leather-finishing and for treating 
felts in the manufacture of hats.^® Some are soluble in weak alkalis 
and can be used as substitutes for shellac. Hydrocarbons, e.gr., 
lienzciKN toluene^ xylene, phenanthrene, and naphthalene, can be 
condensed with formaldehyde in the presence of sulphuric acid 
(sp. gr. I -84) to give resins, of which those melting below 100° C. 
'ii(‘ of value for varnish-making®® ; they are soluble in acetone 
or b('nzen(‘, but, apparently, not in alcohol. A, Koch*^ finds that 
hai'dcr r(‘sins can be obtained Hhen the condensation of a phenol 
with an aldehyde is carried k ot in the presence of hydrogen and 
a nickel (jatalyst. If jihenols be conckuised with unsaturated 
hydrocarbons, Aerosol vuth styrene or pinene, further con- 
densation with forfflaldehydc jiroduces resins soluble in benzene 
and in linseed oil, but insoluble in alkalis and alkali carbonates. 

Paints and Pigments. 

A. Forst(‘r and d. Heilly®’ describe the Plauson mill, which 
claims to ])roduce ultra -microscopic suspensions of particles of 
a, v ide range of substances of less than 1/x diameter showing 
charaideristic Brov^dan movement. Two types of mill are 
(h'seribed : one is a disc mill in which is applied an adjustable 
pressure on the suspension passing through the disc, a continuous 
circulation of the milled suspension, and a rapid counter-revolution 
of the discs at 2()()() r.p.m. *, the other mill consists in principle of 
a dismembrator in which Plauson’s innovations are : (1) the 

rotating arm-wheel is placr^d eccentrically towards the base of 
the containing case, so that the material continually falls into tlje 
dtdd of action instead of circulating centrifugally outside the 
arm-wheel range, (2) the reduction of baffles to a minimum 
number (t^^o for balahce), in order to obtain a maximum force of 

O.V. 339,49.5 ; J 1922, 039a. 

'’’“(i.P. 349,74 J ; J.T 1922, ()39a. 

G.P. 354,697 ; J., 1922, 772a. 
aP. 340,989 ; J., 1922, 23 a. 
d., 1922, 435it. 
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each. In the ordinlry dismembratcfr the force is divided over 
a number of baffles. 

The third imnvation of Plauson is the application of extremely 
high speeds of revolution. The standard ^size of the mill is 
15 litres capacity and the rotation is 3000 r.p.m. In almost every 
colloidal preparation the mechanical action^of the mill is assisted 
by the addition of dispersators or accelerators acting as protective 
colloids. The material must be subjected to a preliminary grinding, 
then made into a suspension in a medium, the accelerator added 
and the whole run into the mill. In some cases it is not economical 
to aim at complete disintegration of material in one set of millings, 
but .to allow the non-colloid material to settle out for further 
milling in the succeeding batch. Tlie exact figures of power con- 
sumption are not stated, but 1000 kg. of ground raw calcium 
phosphate was transformed in three 15-litre machines at 
9000 r.p.m. in one hour to give 85% of particles of 1/i. diameter. 

The chief advantage of the mill appears to be greai saving of ^ 
time in the grinding, even if the overhead charges be high. It 
is a matter of conjecture as to whether a suitable cone-mill 
travelling at a high rate of speed willmot produce similar results. 
The action of the accelerator is strictly sp^ific, and its purpose in 
allowing or accelerating the disintegration of particles, so as to 
absorb soluble electrolytes and to reduce the/power consumed by 
the mill, requires careful adjustment. ' ' 

In Traun’s®^ patents for the manufacture of dispersoids the 
material is circulated with the required dispersing medium through 
a disintegrator which is run at a high speed (1000-2000 r.p.m.), 
and in which the grinding pressure is concentrated at a dew points. 
The quantity of dispersing medium must bo large compared with 
that of the phase to be dispersed, and a dispersion accelerator 
(a Dubstance in which the phase to be dispersed is slightly soluble) 
is employed. The disintegrating machines are constructed so that 
the material to bo dispersed is subjected to heavy localised 
pressure in the dispersing medium by a special rapidly rotating 
wheel or cylinders.®® The general scheme would seem to differ 
very little from the proposals of Plauson. 

A number of papers on the fineness of pigments have appeared 
during the year. H. A. Gardner, H. Parks, and N. Pihlblad®* record 
the fineness of a ^pigment as a residue on a 325-me8h screen of 
3-in. diameter, using Holley’s method, after drying and weighing 
the residue. ,Vogt®’ uses a turbidimetric .method in, which the 
suspension of the pigment is placed above a source of light so 

KP. 166,836, 176,002, 176,003 ; J., 1922, 36f a. 

1921, 799a. ^ 

Paint Manuf. Assoc. U.S. Circ.^ 143, 1922; X, 1922, 946a. 

India Rvhher WorU. 1922. 66. 347. 
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that the rays are cut off. fThe obscuring jiower is assumed to 
be the total projected area of the suspended particles. Assuming 
spherical particles, it is shown that the obscuring power varies 
inversely as the diarAeter of tne particles. 

A. D. Luttringcr®® gives a resume of the methods recently 
developed for determining dimensions of individual particles of 
pigments. 

C. If. Holley®® concludes, after many tests, that a 350-mesh 
screen gives definite information on the ease of grinding of paint 
pigments. 

T. M. Lowry and H. McHatton’® point out that sieves with 
350 meshes to the linear inch are very troublesome to use and 
si(‘\'ing no longer affords a practical grading. They desc»*ibe an 
('Intriator which is based on Boswell’s apparatus, wherein the 
residue is allowed to settle in a capillary tube and the height of the 
cohimn of gritty material is measured in millimetres for the indica- 
tion of the proportion of coarse material in the ground sample. 
It is easy for a foreman with no chemical knowledge to determine 
by means of this instrument the quality of thb powder which is 
being produced from hour hour. Experiments were made to 
dot(Tmine the diameter of pa)‘tic1es of barytes and of quartz, which 
arc just lifted by a vertical flow of water at stated velocities. Under 
idcTitical conditions yie diameters are 142 times as great for quartz 
as for barytes, the sectional areas of the particles being therefore 
ill the ratio 2 :d, which is practically identical with that of the 
gravitational forces on the particles. The lifting power of the 
water is therefore proportional to the area of the particle. In the 
dismission Tolbnving the papers read by T^owry and Boswell at a 
joint; meeting of the Faraday Society and the Oil and Colour 
(3i(‘mists’ Association, C. A. Klein” criticised the specifications 
in uliich a limit is pot on the residue left after screening through 
sieves of stated mesh. Tlie variations in the composition of tl e 
])owders as to size complying with the sjieeification is so groat as 
to render the specification valueless. He preferred an clutriator of 
the Schdno typo,’’* using a number of them of varjdng diameters 
a 1 ranged in series, as by such means clearer separations are 
obtained. In the course of an examination by clutriator and 
microscope of a large number of pigments prtmared by chemical 
or mechanical means, the range* of size in file first case was 
invariably found to be much smaller, as also was the mean size 
of the* particles. » 

Chouichouc and Qutta Percha^ 1922, 19, 11308. 

Paint, Oil, emd If^ug Review, 1921, 72, 10. 

J. Oil and Col Chem. Assoc., 1922, 5, 82. 
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’ V. Oil and Col. Chem. Assoc., 1920, 3^ 177. 
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Where pigments icontain barytes* or have been prepared by 
grinding, the range of sizes was very considarable, often varying 
as much as 20p%, although the percentage of large particles was 
small. ‘ 

H. Baker’® has shown that the velocity at the centre of the 
elutriator is twice the apparent velocity." Klein considers that 
‘"close separation of powders containing particles of many sizes can 
only be effected by n^peated treatment of the fractions ditained 
by preliminary elutriation. As separating medium methylated 
spirit was used in place of water. He emphasised the pressing 
need for an agreement as to a rational and clear method of expres- 
sing the results obtained. A specification should contain the 
maximum diameter of the particles, and the limiting diameter 
of the average of the particles. In view of the increasing use of 
air flotation on the large scale for the separation of particles of 
varying sizes, the need for an accurate method of separation and 
determination of size of particles is ob^’ious 
A joint committee of the Association of British Chemical Manu- 
facturers and the /British Chemical Plant Manufacturers’ Associa- 
tion’* is drawing up standards for filter presses. The final 
proposals for standardisation of cast iron Alter presses will shortly 
bo presented to the General Committee, and on acceptance will 
be sent forward to the British Engineering 8/andards Association. 
The particulars of the original proposals w^em published in 1921’® 
and the sub-committee has completed the revision of the proposals, 
and has added specifi(;atiohs for a standard 48-inch plate. 

According to Klein’® two interesting additions have been made 
to the somewhat limited number of white substances w^iich can be 
satisfactorily used as white pigments, viz., titanium oxide and 
antimony oxide. The titanium oxide pigments, which have been 
described by N. Heaton” in a lecture beforp the Royal Society of 
Arts, arc in practice mixed with barium sulphate, and titanium 
white (the composite product) is marked in two grades, “ extra ” 
and “ standard,” the latter consisting approximately of 25% of 
titanium oxide and 75% of barium sulphate. The durability tests 
have showm that there is no tendency to crack or peel on long 
exposure, and the most durable combination has been found to be a 
mixture of titanium white with a proportion of zinc oxide. Titanium 
oxide alone has a^ tendency to ‘“chalk.” Titanium white is non- 
toxic and' is unaffected by any of the destructive agencies, e.g., 
sulphuric acid, and hydrogen sulphide, to which a paint is likely 

Geological Mag., 1920, 57, 321. 
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to be exposed. The titaniuiA white oxide poseesses greater opacity 
and greater spreading power than any other white pigment. 

Antimony oxide (Timonox, Antox), produced by condensation 
o{ the vapour of aiftimony oxide obtained by roasting antimony 
sulphide, has been referred to in former Annual Reports. The 
manufacture by the Antox Syndicate, of Sydney, N.S.W., from 
ore of the Costerfield Mine (one of the largest antimony nii.ie:j irii'' 
the world) provides, by variation of the temperature at which 
the plant is worked, a product of colour from pure white to dull 
orange. Interest in these pigments has been stimulated by the 
controversy on the use of white lead, which culminated at the 
] ntcrnational Ijabour Conference held at Geneva last year. Although 
the new pigments, which are stated to be non-toxic, appear to have 
])ro\ed suitable in certain directions, it camiot be said that sufficient 
(‘X])(‘rionce has been gained to warrant the assumption that either 
is capable of being used as a complete alternative for white lead 
or /ine oxide. 

Roth new pigments are stated to give the best results when 
mixctl with zinc oxide. Titanium and antimony whites have been 
brought forward at a most opportune moment, and even if the 
ultimate demand for them d*.“'s not come up to expectation they 
can be assured of a permanent position in the list of standard white 
])ignu‘nts, provideci they can compete economically with other 
pigments in use.""' * 

Mudi has be(;n written of the dangers of lead poisoning. Last 
year the Labour Conference of the Ijeague of Nations at Geneva 
decided for th(“ prohibition of lead paint for the interiors of 
buildings, diut the resolutions do not come into force until 1927.* 
A Home Office Committee on the use of white lead in paints is 
still sitting, but in the meantime the Home Office, in conference 
with the Painters’ and Decorators’ Industrial Joint Council of 
Gr(‘at Britain, has already drafted regulations for the use of white 
k‘ad or lead sulphate in paints in order to give effect to the reso- 
lutions of the Geneva Convention. In the twelve regulations 
issued lead paint means any paint, filling, or painters’ material, 
containing more than 2% of lead expressed in terms of metallic 
lead. White lead, lead sulphate, or products containing these 
pigments shall not bo used in painting operations except in the 
form of paint or paste ready for, use and shall* not be applied ^y 
s]>ray for interior work, nor rubbed down by a dry process. Pre- 
cautions are to be taken with regard to washing and care of 
clothing. In these regulations the use of white lead is not pro- 
hibited for the interiors of buildings, and it remains to be seen 
\ 

’"V. M. Goldtsohmidt, U.S.P. 1,398,191; H. H. Buckman, U.S.P. 
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whether in the nexf five years them will be a reduction in the 
number of certified poisonpus cases, so that the prohibiting clause 
may bo found^ to bo too drastic. All are agreed on the great 
dangers of tho dry rubbing-do’wm of paints, alid the success of wet 
rubbing-down with special waterproof sandpaper was demonstrafed 
at the Conference of the National Federation of Master Painters 
and Decorators this year. 

Many maintain that the dust caused by the dry rubbing-down 
is tho source of the trouble. The controversy respecting white 
lead has stimulated investigation of the properties of many other 
pigments with results which have benefited the industry. The 
repl?.cement of white lead by other white pigments for indoor work 
is generally accepted, but for exteriors white-lead paint or red -lead 
especially for undercoats holds its own unless the pigment be 
in the form of an enamel, which requires a special scheme of appli- 
cation. A comparison of the water absorption of a white-lead 
paint against a zinc -white shows the superior imperiJieability of 
the former. 

In 1870 Holman Hunt exposed a largo number of artists’ colours 
on canvas. Inspection of these colours by A. P. Laurie’® shows 
that tho present selected list of artist^ pigments is reliable, 
with the possible exception of pale cadmium yellow and cobalt 
yellow. The present practice of protection b^an easily removable 
mastic varnish is justified, and the excessive 'darkening of the 
oil on canvas is probably due to the lead driers, which are excluded 
from the oils and varnishes used in modern practice. 

, The systems of colour classification due to W. Ostwald, Hearing, 
and others are briefly discussed by H. Trillich,®® v^ho' proposes a 
decimal system of specification wherein red, yellow, light blue, 
and violet are chosen as primaries. The system can be dia- 
grammatically represented as a colour star ,in which the primary 
colours arc disposed at angular distances of 90° on tho circumferences 
of a circle. A research®^ on colour standardisation has been 
undertaken by the National Physical Laboratory. The work 
will involve the measurement of a representative number of colours 
on various types of colorimeters, both scientific and commercial, 
and a co-ortfination of tho results of the various systems with a 
view to ascertain the most suitable basis for the standardisation 
and specification ^of colour, having regard to tho requirements 
^oth of scientific accuracy and appficability to industrial processes. 

By those concerned in the protection of metals by varnishes and 
.paints tho report of tho Corrosion Committee of the Institute oi 

J, Roy. Soc. Arts, 1922 , 70 , 432 . 

«« Farben-Zeit., 1921 , 27 , 672 ; J., 1922 , 23 a . 

Report Nat Pliy9. Lab., 1921 {Ojitic. Division). 
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Metals should be carefully istudied. Two tj^es of corrosion are 
recognised : (1) the general typo characteristic of acid corrosion, 
(2) a local type characteristic of corrosion in water and salt solutions 
generally with the i^rmation of an adherent scale on the metal, 
and the scale may contain colloid material. A theory has been 
developed regarding the part played by colloids in corrosion. 
It is pointed out in the report that an aluminium surface may be« 
( leaned by soda to which small quantities of sodium silicate have 
been added without action on the metal. 

Several papers on the protective value of paints on wood and 
metal surfaces have appeared during the year. J. S. Coye 
states that the results of two years’ exposure under normal con- 
ditions show that coal-tar paints are worthless as prolectors of 
steel. Gypsum and whiting, when exceeding 5% oi the paint 
])ign)ent, are harmful, ^ino chromate is the best pigment for 
sl/t‘el paints and may be used to advantage w^ith other ingredients — 
i.f/., ferric oxide. 

H. A. Nelson*^ has investigated the durability of paints on 
wood and metal surfaces by a method of a<icelerated wither- 
ing. The effects of sunlight, rain, and mist were imitated 
by a mercury lamp and by a revolving spray and a water 
atomiser, a variable-speed (dectric fan serving to maintain 
the temperature at 50”- 60°C. By this arrangement a cycle 
of exposure for t^nty-four hours to the rays of the lamp, 
followed by cooling and exposure to water spray for a further 
twenty-four hours at C., was chosen as representing actual 

sc^rviee conditic/\". On an average, comparable results were 
obtained yii a series of paints in as many (lays under the above 
(‘(uiditions as would bo given in months under service conditions. 
The results showed that for complete loss of gloss and initial 
chalking among white pigments, lead-free zinc oxide was much 
snp(;rior to wiite lead and I’itanox. The maintenance of an 
atmos]3here with saturated moisture accelerated the loss of lustre 
and chalking. Of commercial paints intended for use as pro- 
h‘ctive coatings for iron, both the combination of 83% of ferric 
oxide with 15% of zinc oxide, and 100% red-lead paint showed 
outstanding merit, maintaining gloss and inhibiting the formation 
of rust, as compared both with iron oxide paints reduced with 
various fillers and a reduced zinc^oxide sublimqd lead paint. 

d- N. Friend®® has reviewed the conditions of preservation of 
iroji witb^ paint anc^ from his own observations concludes that 
dark paints are specially to be recommended for the protection of 

«-6y. J., 1922, 82(V. 

Iowa Eng. Expt. Statn. BuU.. 1919, 64. 

Amer. Soc. Tost. Mat., 1922. 
y. Oil and Col. Chem. Asaoc., 1922. 
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iron and steel exposed to daylight, il^is conclusions are supported 
by the results of tests carried out in North Dakota, U.S.A. The 
protective power of a paint depends on a ndmber of factors in 
which the pigment and the medium r-ll play a^part. Friend points 
out that the influence of the percentage of pigment, e.g., Deep Indian 
Red, must be considered ; the maximum efticiency was obtained 
*with about 60% of that pigment, whereas fn the case of red lead 
the maximum efliciency was obtained with 80% of the pigment. 
From his observations it would appear that the pouit of ma3dmum 
protective efficiency coincides with ease of working. With regard 
to the influence of scale on iron and steel, the cheapest method 
and the one best calculated to prolong the life of the metal is con- 
sidered to be to paint structures while their scale is still on, after 
removing any loosely adherent flakes and rust. It is evident 
that the conclusions drawn from the three contributions are of 
considerable importance, but do not admit of wide generalisations. 
The function of the medium is not always fully appreciated, and 
that of the nature of the pigment is apt to be exaggerated. There 
is no doubt that the properties of the linox}^ are modified by the 
pigment which is j/resent, and that the production of a stable and 
elastic variety of that comjmratively Ivater-resisting substance is 
an important consideration. The ioss of j^oss of a paint film is 
intimately connected with the properties of the medium, influenced 
by the properties of the pigment. f. 

E. C. Bingham, H. D. Bruce, and M. 0. Wolbkch®® have shown 
that by use of the plastometer all colloidal solutions exhibit a 
yield value. A simple paint is a colloid of non-polar typo. The 
effect of temperature is to increase the mobility without affecting 
the yield value. Quite different is the behaviour of a* colloid of 
polar type, represented by glue or nitrocellulose in acetone ; here 
the yield value decreases in a linear manner if the temperature be 
raised, and passes through a zero value, or frpm a plastic material 
to a viscous liquid. The writer has observed marked yield values 
for black japans, and for certain other varnishes. 

Reference has been made in former Reports to the work of E. C. 
Bingham and H. Green on the consistency of paints depending on 
yield value and mobility. J. E. Booge, E. C. Bingham, and H. D. 
Bruce,®’ using a modified plastometer, have shown that the “ con- 
sistency,” mobility, and yield value are not simply related, but 
simple correlation ^as shown i» nearly all cases examined. The 
eldest and most simple relationship was obtained by plotting the 
ratio of mobility and yield value against ‘‘ consistency.” „The tert 
consistency ” was expressed in an empirical notation of unite, 
]^inta on the thick side being represented by ^he units 1, 2, 3, etc, 

J. Ind. Eng. Chem., 192«, 14, 1014. 

” Amer. Soc. Test. Mat., 1922 ; J., 1922, 699a. 
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and on the thin side by — }, — 2 , — *3, etc.^ the best painting 
consistency being designated as zero. The importance of such 
work (jannot be over-estimated, and it is to be regretted that no 
simple relationship hjis been established between viscosity, yield 
vaiue, and “ consistency.” 

Jn last year’s Ammal^eport the new Pfuiid colorimeter for M'hito 
pigments was described, in which the principle of multiple 
tioiis \yas adopted in order to accentuate departure from 
white, and a piece of ground optical glass w'as used as a non-sclective 
n'fleeting surface. The measurement of the tinting strength of 
white ijigments by the use of the Pfund colorimeter is proposed 
by ,1. H. Oalbeck and C. P. Olanden**'* ; a given amount of lapip- 
l)laek is ground with a definite quantity of white pigment using 
glycerin as medium, and the resulting loss in brightness measured 
on the colorimeter. 

I’hi- r(‘lative merits (if the application of paint by the brush and 
flit’ s])raying machine liave been a matter of much controversy. 
.\fU‘r candul experiment the So(aety for Testing Matm-ials**® has 
exprt’ssed the opinion that the most efficient mo^e of painting is a 
combination of spraying and brushing, the ])aint being sprayed 
and then finished off by bru.bij,g. The tivo operations may be 
combiiU‘(l in one by use of a ‘ spray brush,” in which the paint is 
delivered in the form of a fine spray in a hollow brush. 

Sh'inau^^* consider^ that the presence or absence of moisture 
must be ri^garded as a prime cause in the instability of lithopone 
to light, and the colour (;hange is influenced by chlorine compound, 
('sp(‘cially zinc thforide. Lithopone containing chlorine yields 
metallic in a finely-divided state when exposed to light, and 
for tlie preparation of lithopone stable to light there must either bo 
complete extdusion of all clilorides or wrell-regulated control in their 
pr(‘seiice. 

J. A. HcdvalP^ has shown that the bright yellow ferric oxide 
calcined at low temperatures and the red and purple varieties 
j)r()duced at higher temperatures are alw'ays crystalhne, independent 
of the method of formation. 1). Tyrer®^ describes a method for the 
imjmifacture of a red oxide of iron pigment by the digestion of 
galvaniser's waste liquor with scrap iron. Manganese violet,®® 
}>rcj)ared from manganese peroxide fused with phosphoric acid or 
mmoniiim phosphate, may be given a bluer tint by the introduction 

.Ainer Soc. Test. Mat., 1922 ; J,, 1922, COOa. 

“ ’ i>il Col Tradcu'j., 1922, 793. 

Vhrm.'ZeU.y 1921, 45, 1238 ; J., 1922, Coa. CJ. E. Maas and R. Kempf, 
nn^no, Chem., 1922, 35v609 ; J., 1922, 946a. 

' ' Oil and Col Trader J., 1922, 791. 

“-E.P. 174,306 ; J., 1922, 183a. 

G.P. 344,166 ; J., 1922, 149a. 
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pi:;iroii compounds, B. 0. Neal ai^d G. Perrot** have^piRiipip 
vAlnable summary bi the mode of manufacture of carbon 
Minting out the great influence of the temperature of combustion 
and regulation*’ of the air supply on the yicjjd and nature of the 
carbon black obtained. 

G. Bornemann®® finds that Scheele’s green is not acid copper 
ortho-arsenite CuHAsOg, but a neutral arsehite SCuAsaOaj^rHaO. 

Cl A. Mitchell®® gives a further account of graphites and other 
pencil pigments. 

H. A. Gardner®’ communicates the results of the exposure of 
wood and metal test panels after three yeais’ exposure at Atlantic 
City, U.S.A. Paints made on a basis of American vermilion 
(bafeic lead chromate) show remarkable protective qualities. As a 
medium for aluminium and zinc paints, boiled linseed oil is superior 
to spar varnish, which in turn is superior to collodion solutions. 
In the case of white paints he states that antimony or titanium oxide 
with zinc oxide give better results than when mixed wiih load oxide. 

In the analysis of pigments S. Glasstone®” gives a direct iodometric^ 
method for the estimation of lead peroxide ; A. Bonis®® contribufos 
a volumetric method for the estimation of red lead, andB. Paxton^®® 
a rapid volumetric process for the an^Clysis of basic lead sulphate. 

Vabnishes. 

The cficct of heat on the acidity and iodine values of copals 
during the process of “ running ” has been Sxvestigated by F. H. 
Rhodes and H. F. Johnson.^®^ The copals selected were Congo, 
East India, and Manila, together with pontianak a«nd kauri. The 
acidities were dett^rmined after heating the resin's to 300°, 350°, 
and 390° C. In every case a decrease in acid value was observed. 
The iodine value of Congo copal diminished whilst that of East 
India copal was raised ; the iodine values of the other resins were 
s%htly higher at 300° C. but lower at higher temperatures. 
There is no apparent relation between the changes in the iodine 
value and acid value and the loss in weight on heating. The 
Congo copal used had an abnormally high acidity. The results 
are in general agreement with those of earlier investigators. 

“ Supercentrifugal force ” and its application to the clarification 
of varnishes and the dehydration of oils by means of the Sharpies 
supercentrifuge are discussed by H. Keable.^®^ 

(\S. Bur. ]\^mes Bull.y 192, %922. 

Z. a?iorg. Chem., 1922, 124 , 36 ; J., 1922, 946a. 

Analyst, 1922, 47 , 379 ; J„ 1922, 826a. 

(Hrc. 153, Paini Manufrs. Assoc. U.S. ; J., /922, 946a. 

Chem. Boc. Trans , 1921, 119 , 1997. 

Ann.^Fals'i,/., 1922, 15 , 157 ; J., 1922, 557a.^ 

Chem. and Met. Eng., 1922, 28 , 989 ; J., 1922, 509a. 

J. Ind. Eng. Chem., 1922, 14, 279 ; J., 1922, 380a. 

^ Oil and Col, Chem, Assoc., 1922, 5, 2. 
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H, Wolff and C. Dorn'®* hs^e investigated the causes of turl)idi(y : 
in resin varnishes. If lead resinate be used ifi the manufacture of 
a linseed-oil varnish the precipitate is largely lead stearate, a 
result which has b^^pn knowa for a long time. * Wherever free 
fatty acids are present they, will react to produce lead salts with 
the liberation of an equivalent amount of resin acids. Varnishes 
containing manganese resinate remained clear. The insoluble t 
lead salts contain small quantities of lime and silica, due no doubt 
to traces pf “ foots ” still remaining in the vamish-oil. Twcpeated 
tests show that linseed oil, which has not had its mucilage removed, 
does not become as turbid on the addition of lead-drier a i a purified 
oil ; this is evidently due to the protective colloidal actica of 
the mucilaginous matter which constitutes the “break.” *The 
fact that the presence of fused resinates, having an excess 
of resin, reduces the tendency to become turbid is, in the opinion 
of tlrvi writer of this Report, duo to the acidity of the mixing, 
hcicause reduction of ac;idity always tends to reduce the lustre even 
without the production of any precipitate. 

H. Wolff^®^ considers that “ sanding ” during storage of /arnish 
is due to the growth of a crystalline deposit of lime and drier com- 
pounds caused by rapid and severe atmospheric changes. He 
also describes an apparatus'*'® tol* the testing of hardness of varnish 
films. The varnish test-plate is moved at a definite rate, so that 
it comes in contact ^th a knife-edge which is loaded with knovn 
weights. A number of “ cuts ” are made at varying loads and 
compared. By substituting a strip of timied iron in place of the 
knife-edge and taking obesrvations at loads slightly above zero, 
the progress of drying of the varnish surface can be observed 
by the adhesion or otherwise of the resting edge. Li the com- 
parison of the colour-intensity of varnishes H. Wolff recommends 
a Hellige colour-meter ; the apparatus may be used on dried 
varnish films so tha+ its practical value is greater.'®* 

H. C. P. Weber'®’' calls attention to the importance of thoroughly 
storing insulating varnishes which undergo decomposition during 
drying due to oxidation in order to remove volatile acidic substances 
of low electrical resistance which otherwise may accumulate and 
cause breakdown. 

P. P. Ingalls'®* considers that specifications for varnishes based 
on chemical composition of varnishes are futile. Practically all 
ihe physical properties except durability can* be quantitatively 
measured. The kauri reduction test givQS reliable information 

Farhl i-Zeit, 1921 1 27, 26. 

IHd., 1922, 27, 1047. 

Ibid., 1922, 27, 2^65 ; J., 1922, 668a. 

Ibid., 1921, 27, 415. 

Trans. Amer. klectrochem. Soc., 1922, 89 ; J., 1922, 867a. 

Ohsm. and Met. Eng., 1921, 26, 696. 
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on the durability of ^varnishes. Inga^Js’ conclusions are generally 
correct, although there is doubt as to the quantitative measure- 
ments of all the physical properties. The kauri reduction test is 
essentially for ''elasticity and may*' give satisfactory results in 
America, but it could not be relied on alone for varnishes exposed 
to the climatic conditions of the British Isle^. 

• H. A. Gardner, P. G. Holdt, and E. Bielouss^®® have investigated 
the rate of evaj)oration of thinners from “ short oil ” and “ long 
oil ” varnishes thinned with different varieties of volatile solvents, 
e.g., turpentine, mineral hydrocarbons of varying boiling points, 
coal tar naphtha, etc., and have shown that the rate of evaporation 
is inversely proportional to the boiling point, as would be exj>ected, 
and 'independent of the type of hydrocarbon. The hygrometric 
state of the surrounding atmosphere has no influence on the rate 
of evaporation from eitficr paint or varnish film, and the highest 
viscosity of the finished product is obtained by the use of turpentine, 
whilst petroleum hydrocarbons give the lowest \*^lues. The 
statement that turpentine and solvent naphtha act as diluents 
without effecting any changes in dispersion, whereas petroleum 
hydrocarbons procfuce an alteration in structure by causing coales- 
cence, does not seem convincing in view of the comparatively high 
viscosity of turpentine and the nature of th^jfrosiduc left on evapora- 
tion of solvent naphtha. 

C. D. Holley“o points out that the humidity/jof the air during the 
stoving of varnishes influences the time of drying, the character of 
the film, and sometimes the shade of the finish of lighter colours, 
so that the humidity must be kept constant at an optimum 
percentage. 

H. A. Gardner and V. C. Holdt*“ have reviewed the methods for 
the determination of the consistency of varnishes, both for factory 
comparison and for expression of results in absolute units. The 
authors conclude that the plastometcr of Bingham, and the 
MacMichael and Doolittle torsional viscosimeters are the only reliable 
instruments for determining viscosities of varnishes possessing the 
advantage of higher accuracy and greater ease in furnishing absolute 
results. From what has been mentioned in a previous paragraph 
the plastometcr is, in the opinion of the writer, of great value, and 
the modified form of the apparatus gives rapid and reliable results 
for factory purposes. 

• A modification (& the falling sj>here viscosimeter is well worthy of 
attention, and gives results which can be expressed in poises. ^ '' 

F. S. Goucher and H. Ward^^^ have worked out a rfelationship 
between the thickness, of a layer of varnish or enamel on a flat 

Oirc. 141, U.S. Paint ManuJ. Aaaoc., 1921 ; J., 1922, 904a. 

Chem. and Met. Eng.., J^21, 25, 873, 

111 Girc. 127, U.S. Paint ManuJ. Assoc., 1921 ; J., 1922, 905a. 

1“ Phil. Mag , 1922, 44, 1002. 
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surface coated by dipping, ahd withdrawing at a known velocity, 
D, the varnish or enamel having viscosity, tj, and density, p. 
i-—2vr) pg, where gf --gravity constant. If the solid is a fine wire 
of radius r, the surface tension is dominant, and gravity negligible. 
If* y is the surface tension the relation must be of the form 

L It was found that / Is of the form 4*8 ^ in 

c.g.s. units. 

J. B. Coleman and P. BilhanP^^* have investigated the physical 
and c hemical properties of dekahn in order to detemine its suita- 
bility as turpentine substitute. Chemically dekalin consists 
])ri inarily of a mixture of 20% of tetrahydronaphthalcne and 80% 
of dcca hydronaphthalene. Its rate of evaporation prohibits its 
use for quick-drying varnishes, but for paints and slow-drying 
varnishes it is no disadvantage, as the drying action continues all 
iiici tiine the dekalin is eva])orating, owing to its oxygen-carrying 
nr(q)erties, which are peculiar to the tetrahydro-compound and 
not to the deca variety. 

Idle numerous referencics which have been made to the circulars 
(►f tlie United States Paint Manufacturers’ Association, and the 
many and interesting results ctmtained therein, show the great 
advantage of a research station to the industry, where not only 
])robl(‘ms relating to the difficulties of the day are dealt with, but 
also investigation of** fundamentals is being carried out, which 
no doubt will lead to the discovery of new properties of great value. 

H. Vollmanid^^ has endeavoured to simplify the detection of 
lead, manganese, .tud cjobalt in drying oils and varnishes. Any 
methods v\hich will enable the presence of these metals to be 
deti‘ct(Kl ill the varnishes without incineration will be a great boon. 
It must be remembered that in varnishes the percentages of man- 
ganeses and cobalt are very small compared with those of lead, and 
although Vollmann’s method for the dettsetion of lead works satis- 
faestorily yet the methods for manganese and cobalt arc not reliable 
unless the varnish has been incinerated. If the percentages of 
manganese or cobalt are comparatively high, as in terebines, satis- 
factory results are obtained. The methods given in the paper, 
uhich are rather complicated, are quite satisfactory when the ash 
is examined. The use of a-nitroso-)0-naphthol or ammonium 
thiocyanate gives satisfactory results. The tesA for manganese 
is a modification of the method of Sachcr,'^® which is always reliable. 

Chem,*ige, 1922, 7, *554 ; J., 1922, 904a. 

FaStn-ZeiU, 1922, 27, 1943 ; J., 1922, 381a. 

Ibid., 1920, 26, 13(|9. 
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INDIA-EUBBER. 

By B. D. W. I/JFF, F.I.C., 

Research Chemist ^ North British Rubber Company, Ltd., Edinburgh, 
k SURVEY of the scientific literature putlishod during the past 
^ear should serve to dispel any lingering doubts regarding the 
claim of rubber manufacture to be considered as a chemical industry. 

That the manufacturers themselves appreciate the position is 
reflected in the nature of the papers delivered before the Institution 
of Rubber Industry, a recently-formed organisation which derives 
its ichief support from manufacturing concerns. The majority of 
these communications have been concerned with various scientific 
aspects of rubber manufacture, and have in most cases been read 
by well-known chemists connected with the industry. 

Further evidence of the sympathetic attitude of the manufac- 
turers towards scientific advancement is afforded by the formation 
of the British Rubber and T 3 n*e Manufacturers’ Research Associa^f 
tion. Inaugurated some three years ago, work was originally " 
carried on in temporary quarters irt University College, London. 
Commodious premises were ultitnately secured at Croydon, anjj 
these have now been splendidly cquippec^as research laboratories, 
being formally opened by Lord Colwyn in July. 

Rubber again finds a place in the series publications dealing 
with colloid chemistry and its general and industrial applications, 
the British Association for the Advancement of Science having 
recently issued the Fourth Report, to which H.* P. Stevens has 
contributed the section on rubber, the same author havpig compiled 
a bibliography on the subject for the First Report, published 
in 1917. 

Statistics. 

Attention has been directed in previous reports to the grave 
situation which has gradually developed in regard to the output 
of raw rubber, which has been steadily overtaking the consump- 
tion, until an actual surplus production has resulted, stocks at 
January 1st, 1922, being estimated as 110,000 tons over actual 
requirements.^ 

Such a state of affairs is fraught with serious consequences, alW 
to the planting* companies, Ihe Colonial Governments, andjro' 
rubber manufacturers, and an attempt was made to meetfwie 
position by the Rubber Growers’ Association, the bulk of whose 
members agreed to a voluntary reductioh in output, the effect of 
which is reflected in the returns for 1921, ^ compared with th^ 
of the preceding year.* 

* India R-ubbtr J., 1922, 63, 907. 

® Loc. cit. 
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Producti&ft of Crude Rubber. $ 


Plantation. Wild. Total. 

Tons. Tons, Tons. 

1920 335,000 .. 35,000 .. 370,000 

• 1921 260,000 .. 22,000 .. 282,000 


The Dutch planters, •'whose estates fumisli approximately 25% 
of the total production of cultivated rubber, could not be inuuced 
to co-operate in such a scheme of restriction, and the situation was 
further aggravated by a proportion of the British estates refusing 
to continue their adherence to the arrangement. The Colonial 
Secretary, however, appointed a committee, of which Sir James 
Stevenson was chairman, to investigate the position in British 
Colonies and Protectorates. In the first report,® issued in June, 
1922, the situation was carefully reviewed and two alternative 
sche'mes propounded, but the committee was unable to recommend 
the a-doption of either proposal until the attitude of the Dutch 
plfuiiers was known. Notwithstanding the subsequent refusal 
of the Netherlands Government to introduce legislation to restrict 
the production of rubber in their Colonies, the Stevenson Committee 
ill October issued a supplementary report^ in which it recommended 
the jijiplicatiqn of a scheme of Covernmeiit intervention in C-eylon, 
the Malay States, and the Straits Settlements. 

Bi'icfly the report advocates the imposition of a scale of export 
duties, varying according to the relation which the amount exported 
from any particular estate bears to the standard production, 
which, with certain modifications, is taken as the output of the 
estate for the twelve months, November lst,1919, to October Jlst, 
1920. 

If the amount exported over a period of twelve months does not 
ex(;ccd 60% of the standard production, the minimum export 
rate dc^cided upon shall be applied. If a greater percentage than 
60 is exported the duty imposed on the total export shall be on the 
following scale : — 


Not exceeding 05% of standard production 
Over 65% but not exceeding 70% . . 


"• 9% ,, ,, 

„ 75% 

•' * 0 % ,, ,, 

» 80% 

•• W% » 

„ 85% 

” 80 % ,, „ 

90% 

” 90% „ „ 

» 95% 

>. h5% „ „ 

» 100 % 

„ 100 % 


® hoc. cit. 



* Jbid., 1922 , 64 , 639 . 


Duty per 
pound 
over all. 
s. d. 

0 4 
0 6 
0 6 
0 7 
0 8 

0 9 
0 10 
0 11 

1 0 
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The percentage of the ’standard j production allowed at the 
minimum export rate, 60% on the initiation of the scheme, will be 
Bidjusted from time to time according to the improvement or other- 
wise in the rubber situation. The prtce of standard quality smoked 
ahect in the London market is to be taken as the factor for deter- 
mining this, and when, for exami)lc, the price has averaged not less 
than Is. lid. per lb. for three months the percentage of production 
dlowed at the minimum rate will be raised by 5% for the next 
[quarter. 

The effect of these duties will be to encourage estates to keep 
production and therefore the duty low, as the rubber will command 
only the standard market price, whatever the duty paid. 

This scheme, recommended in October, was approved by the 
Colonial Office and was immediately adopted by the Colonial 
Jjcgislatures and put into force in Ck^ylon, Malaya and the Straits 
Settlements, the new duties taking effect on November Ist. 

The rubber market was affected as soon as the supplementary 
report was issued, the price of smoked sheet st(iadily rising from^. 
9d. per lb. on October 9th, to Is. 2d. on December 11th. 

The report recoinmends that part of the revenue obtained by 
the application of the export duties ‘^)e set aside for the benefit 
of the plantation industry, either in tly direction of fostering 
research or investigating new uses for rubner. 

Iffie Dutch planters are, of course, unaffect^ by these restrictive 
measures and will benefit by an increased price for raw rubber 
while being under no obligation to limit their output. 

Rubber Latex. 

Although S. Peel in 179P patented the use of rubber “ in its 
native fluid state ’’ for waterproofing cotton, paper, etc., latex 
has hitherto been received in this country only in small quantities, 
and, indeed, F. Kaye® has expressed doubts whether 1000 gallons 
of latex in all has been shipped from the producing countries during, 
the past 100 years. Recently, however, there has been a tendency 
to consider the possibilities of using latex in the making of certain 
rubber goods. This was stimulated by the discovery of F. Kaye^ 
who found that latex could be successfully employed in the 
manufacture of jpaper. Full particulars of the process were 
published recently by the invdntor/ and it would seem that the 

®E.P. 1801. 

® India Huhber World, 1922, 67, 76. Shipments have been made 
a large scale in recent months ; e.g., the amoimts of rubber latex received 
New York during August and November, 1922, were ^50,000 lb. and 426,000 l|iv 
respect ively. ‘ ^ 

’J., 1921, 690a. ♦ 
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discovery will lead to important develipment| in the art of paper- 
making. The latex is introduced during the boating process, a. 
coagulating agent being added towards the end of^ this operation. 
The rubber-irnpreg lilted paper may, if desired, be vulcanised, 
pfeferably by the Peachey process, but it is not yet certain whether 
this is to be regarded af necessary. The introduction of quite small 
percentages of latex has a marked effect on the strength of the 
}>a])i*r produced, although the figures originally published have 
been somewhat modified by more recent investigation.® 

A certain amount of apprehension has been expressed by some 
])a])(;r makers, who have always regarded the ])resen(;e of rubber 
in j)a])er as undesirabh'. Thin attitude is probably due to a la'#k of 
a]q)r(‘(dation of the fact that the rubber is to be introduced in the 
form of latex, and not as coagulated rubber. The i)roc(‘ss is being 
fjuickly developed industrially, and an enterprising trade journal, 
alivc' to its possibilities, used some of the paper thus produced 
for the covers of a numi)er of issues.'® 

Other })roposed applications of latex are in the preparation 
of rubberised fabric” or thread,'-* in making spongy material,^® 
ill the manufacture of adhesives by mixing with casein, glue, etc.,'* 
and in the preparation of roadv.mys.'*^ H. P. Stevens has shown'® 
that it is not possible to vulcanise ruliber while in the form of 
latex by successive treatment with hydrogen sulphide and sulphur 
dioxide as the gases '%nerely dissolve in the serum and react there 
with jiroduction of sulphur in an inactive form. It would be 
interesting to know whether vulcanisation could be brought about 
by wf irking at high pressures. 

The success with which latex could be shipped from the estates 
to the manufacturing countries would, to a great extent, depend 
on \\’hether or not the danger of premature coagulation could bo 
t“liininated. The use of ammonia as a preventive agent was patented 
as far back as 1853,” and F. Kaye has stated that he has found 
latex preserved by ammonia arrive in satisfactory condition. 

Although the possibility of premature coagulation is a problem 
which has to be faced on the estates, reagents which may well suffice 
for short periods such as obtain under these conditions might not 
equally suitable for use when the latex has to be transported 
long distances. However, a number of consignments have come 
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to this country recenf-ly witlhout n^ishap, and there does not seem 
to be any reason for anticipating trouble in this respect. In this 
connexion H, V. Stevens^® has recently published the results of 
tests with a number of preservatives, such Is ammonia, sodium 
fluoride, sodium silicofluoride, cresol preparations, caustic soda, and 
pyridine ; the best results were obtained with ammonia and caustic 
soda, and it is suggested that the latter would be suitable for most 
purposes. A number of patents have been granted to S. C. Davidson 
during the last few years for the use of sodium phenoxide as 
preservative. 

In the event of the shipment of latex becoming common, some 
means will have to be found to arrive at the rubber content, and 
it has been pointed out by H. C. Pinching^* that the Metrolac®® 
form of hydrometer is not suitable for general use in this connexion. 
H. P. Stevens-^ tentatively proposes the determination of total 
solid left on evaporation as the most suitable method of evaluation. 

Preparation op Raw Rubber. 

The fact that dultivated rubber is prepared by a method of 
coagulation differing essentially fronT tliat which obtains in Jihe 
case of Para rubber has led to vaiious at^mpts to secure a more 
complete parallelism on the plantations. In a recent patent®* a 
method is described in which the latex distributed over a travelling 
endless band is exposed to the action of a current of smoke inside a 
suitable chamber. In another process®^ the latex, previously 
treated with a reagent such as ammonia, or sfiponin, in order to 
prevent coagulation, is sprayed into a chamber heated to 93° C., 
through which a stream of air or other gases is pasbing. It is 
claimed that the rubber prepared in this way has improved tensile 
properties and a high rate of cure would also be expected, H. P. 
Stovons having shown®.^ that rubber prepared by evaporating 
latex vulcanises much more rapidly than that resulting from 
ordinary coagulation. 

That the method of preparation influences the properties of 
the rubber produced has long been realised and much work continues 
to be done in this connexion. The effect of the proportion of 
coagulant on the rate of cure of the resulting rubber has been 
investigated by H. P. Stevens,*® who concludes that using the 
minimal proporti<lri of coagulant a more rapidly curing rubber ib 
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obtained, the rate of cure deereasing With increasing proportion of 
coagulant, this efPect being more pronounced^ in the case of sheet 
than crepe rubber. The same author,*® by using h . « than the usual 
amount of acetic acid, has induced partial coagulation and has 
found that the rubber so produced has a slightly higher rate of cure, 
and an appreciably higher breaking strain than the fraction obtained 
by subsequently completing the coagulation. Naturally fermented * 
“ toddy,”*’ crude pyroligneous acid from the distillation of coconut 
sliclls,*® and Boehringer’s powder have been examined as coagu- 
lating agents. The last-named substance, which consists of alu- 
minium lactate, gives rubber which is of inferior tensile strength 
and lower rate of cure than normally prepared rubber.*® 

Aj)art from the method of treatment, variations in the rubber 
may bo traced to the latex itself, and 0. de Vries*® has shown 
that whereas uniform properties are exhibited by rubber from 
trees' between six and fifteen years old, in the case of younger trees 
tlie rubber content of the latex is often low and the tensile strength 
i)f vulcanised samples inferior to that of rubber from the older 
trees. ^ 

The variability of the yield of rubber obtained from different 
trees has been previously noted by G. S. Whitby*^ and 0. de Vries,** 
and the latter has brought forward furtlier evidence of the extent 
to which this may occur ; twelve trees on one estate gave yields 
of rubber varying frftm 9-6 to 684 g. per day, the rubber content 
of the latex being from 25 to 46%. It was also found that there 
were wide variations in the solution viscosity of the rubber from 
the different trees, and that the values obtained from the same tree 
were not always constant. The rate of vulcanisation and the 
“ slope,” however, did not show marked differences, but in certain 
tiees the tensile strength was consistently low. 

The liability of mould growths to occur on sheet rubber has 
been dealt with in a previous report,** and this question now 
appears to be receiving serious attention. H. P. Stevens, who 
points out that the smoking of sheet rubber is not sufficiently 
fmigicidal to prevent the development of mould, has found*® that 
formalin, probably on account of its volatile nature, is also ineffec- 
tive. but sodium silicofluoride when introduced into the latex before 
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coagulation gives satisfactory results. « Later experiments®® indicate 
that the addition of' 0-06% to a standardised latex is sufficient to 
inhibit mould growth, although there is still a possibility of its 
occurrence if tne sheets are packed in a wet condition. Rubber 
which has been treated with sodium silicofluoride in this manner 
usually exhibits a slightly higher rate of cjjro than the untreated 
rubber. 

Although mouldy sheets arc regarded with disfavour by brokers, 
there is little or no evidence to indicate that the rubber is affected 
detrimentally by the presence of these growths ; at the same time 
it has been stated^® that very pronounced mould development 
does sometimes give rise to considerable variation in the rate 
of cure. 

The extent to whicli appearance influences ])uyers of rubber is 
further instanced in the casti of smoked sheet, the colour of which 
is frequently regarded as a criterion, but H. J\ Stevens®’ on examin- 
ing a range of samples varying from a very light to a 'dark colour, 
was unable to detect any difference in the tensile properties after** 
vulcanisation. 

In view of the scientific method pursued by those interested in 
the production of satisfactory grades ol raw rubber as is abundantly 
evidenced by the foregoing, it comes as an^tnti-climax to learn that 
perhaps the cliief defect in rubber as it reaches the manufacturers 
is the presence of wood splinters and dirt.®® S3rriiposium of the 
views of American manufacturers has recently appeared,®® showing 
the prevalence of this defect, which is further emphasised in a 
communication by B. I). Porritt'^® summarising the views of 
British manufacturers regarding the merits and defects of plantation 
rubber. It is gratifying to learn that the plantation managements 
may bo exonerated from blame in this matter, as, according to 
H. P. Stevens, the bulk of such contamination arises during 
unpacking, sampling, and repacking at the wharves. 

The use of the microscope in detecting faults such as mould, 
air bubbles, “ mst,” in raw rubber, has been referred to by ' 
H. Sutcliffe.®® 

Chemical Properties and Constitution. 

Attempts have frequently been made to hydrogonise caoutchouc 
molecule by reduction in presence of a suitable catalyst, but hitherto 
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only negative results have J)een obtained. By treatment with 
hydrogen at 270° C. in presence of a platinum Catalyst and working 
at a pressure of 100 atmospheres H. Staudinger nnd J. Fritschi*® 
have succeeded in pr -. paring a l^ydrocaoutchouc having the empirical 
formula OsHifl. This compound forms a non-elastic*maas, but the 
colloidal nature still persists. It is dissolved by benzene, ether, 
and chloroform, but is insoluble in alcohol and acetone. While 
iinattacked by bromine under ordinary conditions, a reaction 
takes ])lace in sunlight with formation of a rubber-like mass. It is 
intoresting to note that the substance is not capable of vulcanisation, 
which su})ports the view that chemical combination at the double 
bonds is necessary to bring about this change. It is concluded 
that the rubber molecule consists of isoprenc molecules condensed 
in a long closed chain. 

From a study of tlie behaviour tov/ards rt^ducing agents of the 
(lihydrochloride obtahu'd by the action of hydrogen chloride on a 
chloroform solution of caoutchouc, C. Harries and F. Evers*'^ have 
K‘en 1 (h 1 to the belief that the chain consists of eight isoprene nuclei 
forming a 32-atom ring. ^ 

An interesting investigation of the action of sulphuric acid on 
solutions of rubber in organlv.* solvents has been carried out by 
F. Rirchhof,^* who finds that the final product of the reaction is 
similar to that resulting from oxidation ; the preparation of a 
crystalline phenylhyilrazono of one of the degradation products 
is noteworthy. 

As might be expected, the synthesis of rubber does not now 
(iornmand much attention, although the question is not entirely 
neglected. • H. O. Traun'*’ has patented a method for the preparation 
of cliolefines which consists in heating together in the presence of 
catalysts molecular equivalents of acetylene and ethylene hydro- 
carbons ; the reaction products may be polymerised by suitable 
means, giving rubber-like substance together with compounds which 
may serve as turpentine substitutes. In a similar maimer * * acetylene 
hydrocarbons may be caused to react with hydrogen halide and the 
])roduot polymerised to give halogenated compounds similar to 
those resulting from the action of chlorine on rubber,^® and employed 
as varnish under the name of Duroprene ; the photo-polymerisation 
of vinyl ( hloride has also been studied bv J. Plotnikow.®® 
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The varied nature of the processes by which the change known as 
vulcanisation mky be induced has been well ijlustrated in a paper 
by P. Schidrowitz,®^ and since this was written a further additioii 
to the list must be made. C. W. Bedford and L. B. Sebrell®^ in 
♦an investigation of the reactions taking place between sulphur 
dioxide and hydrogen sulphide in a cooled benzene or carbon 
bisulphide solution, have succeeded in isolating an active form of 
sulphur, which they consider to be trithio-ozone. This active 
sulphur if introduced into a cooled cement will cause vulcanisation 
to occur at low temperatures, and the authors explain the reactivity 
of the sulphur liberated in the I’eachey process by assuming it to 
be in this form. It is pointed out that the fact that sulphur is 
“ nascent ” doel not necessarily imply that vulcanisation will 
occur, as the sulphur liberated by the interaction of nitroso deriva- 
tives and hydrogen sulphide does not act in this way , 

These authors have also shown that zinc persulphides are capable ♦. 
of acting as vulcanising agents, the time required for curing being 
shorter than with 6rdinary sulphur. 

The extent to which the accessor^ substances in raw rubber 
influence tlie progress of vulcanigliation Ij^s been the subject of 
numerous investigations, and, in order to determine whether the 
effect varies according to factors such as the ago of the tree from 
which the rubber is obtained, G. Martin and F. L. Elliot®® have 
examined a series of samples of sheet and crep3 rubber. Rubber 
from trees ten years old, whether in the form of sheet or crepe, 
had a somewhat higher rate of cure than that from trees twenty 
years old, and in all cases the sheet rubber vulcanised faster than 
the crepe. 

The authors were able to confirm the results of 0. de Vries, ®^ 
who has shown that as the time of cure decreases the vulcanisation . 
coefficient at standard cure increases, in contradistinction to what 
is observed in the case of organic accelerators where a reduction in , 
the time of cure is accompanied by a decrease in the vulcanisation 
coefficient. Resins extracted from crepe, sheet, and slab rubber 
wore added to unextracted crepe rubber in a mixing of the composi- 
tion, crepe rubber 88, sulphur 10, exi^racted resin 2, but little effect 
was noted on the rate of cure excepting in the case of the slab resin, 
where a marked atfcelerating action resulted. 

The reactions between rubber and sulphur in various solvents 
at 120° C. have been studied by F. Boiry,®®* working on the lineftf 
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indicated by H. P. Stevens, l« and gell giving residues having high 
coefficients of vulcanisation have been obtained. In solutions 
containing 2% of rubber and 1% of sulphur masses were produced 
having combined sTtlphur contents, varying from 15 to 30-5%, 
according to the solvent employed. 

There are several processes available for preparing vulcanised 
gels, which may find application in the form of cements for rnJtlng^ 
surfaces such as leather or rubber,®’ for proofing paper, leather, 
wood, etc.,®® or for making rubber articles by “ wet moulding.”®’* 

Compounding Ingebdients. 

Although certain specific effects of various ingredients employed 
in preparing rubber mixings have long been familiar to those 
engaged in the industry, it is only within the last two or three 
yeap^ that systematic investigations have been undertaken, a com- 
j)reliensive study by W. B. Wiegand®® having doubtless stimulated 
research in this direction. The varied properties which a material 
may confer on a vulcanised rubber into which it has been incorpor- 
ated are well illustrated by H. W. Greider®^ in studying light 
magnesium carbonate. This material is regarded as of peculiar 
interisst as, owing to the uncertain nature of the supply of “ gas 
black,” some other light reinforcing filler should be available for 
use in the event pf gas black being unobtainable. The light 
carbonate is generally regarded as having the composition 
4Mg(X)3,Mg(0H)2,r)H20, but the author finds that analyses more 
nearly correspond to llMgC08,3Mg(0H)2,llH20, although differ- 
(‘Tices occur according to the conditions of preparation. The 
])ro])erties were examined by introducing various proportions into a 
basic mixing containing litharge similar to that employed by 
Wiegand. It was found that the material behaved as a typical 
n'inforcing pigment as evidenced by the stress-strain curves* and 
when the mixing contained 20 volumes of filler per 100 volumes pf 
rubber, the stress-strain relationship was nearly in accord with 
Hooke’s law. The tensile strength increased by the addition 
U|> to 9 vols. of filler, and then decreased until at 20 vols. the 
strength equalled that of the basic mixing ; the ageing properties 
wor<^ improved by addition of from 6 to 9 volumes of the carbonate, 
Tlu' hardness of the vulcanised rubber was ^greater than that 
olitaiiied by using zinc oxide, but less than that obtained by means 

of gas }>lack. The permanent set, however, was high and increased 
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up to addition of 20 vols., sifbsequentl^r decreasing owing to the low^ 
extensibility of such a sample. The high permanent set is said to' 
be characteristic of crystalline compounds, and the author makes 
the interesting suggestion that, bj^^ applyii?g the principles of 
colloid chemistry in the precipitation a less crystalline produbt 
should result in which the undesirable propejrties of the magnesium 
• carbonate will be less conspicuous. 

The superiority of “ carbon black over ordinary lampblack 
is generally accepted, and further evidence is afforded by the work 
of E. Marckwald and F. Frank, who, with a mixture containing 
rubber 55, black 25, sulphur 5, litharge 5, and zinc oxide 10 parts 
by 'v^eight, showed that the vulcanised product possessed greater 
resistance to tearing and higher breaking strength in the case where 
carbon black was employed, but that the lampblack samples 
possessed greater resilience. 

In the course of experiments on the asphaltic compound known 
as “ mineral rubber,” C. 0. North®^ has found that its incorporation 
up to 40 volumes per 100 volumes of rubber does not affect the form' 
of the stress-straip curve. The breaking load increases up to 
7 volumes, and then falls off slightly^ but it is concluded that up 
to 15 volumes the introduction of ^mineral rubber is advantageous 
from many points of view. The chief defect of this material, 
however, lies in the slowness of recovery from deformation of the 
stocks into which it is introduced ; this mean» that in the case of a 
revolving tyre the depression caused by contact with the road 
surface does not disappear before the next contact, and as a result 
flattening occurs. 

The importance of the fineness of division of conapounding 
ingredients is now so widely appreciated that it is not surprising 
to find a number of communications dealing with methods for the 
determination of particle size. Although more properly belonging 
to the section dealing with pigments, brief mention may bo made 
here of some of the more important communications which bear 
on the question as it affects the rubber industry. 

H. Green®^ describes a method which, although perhaps not 
altogether novel, has the merit of being based on direct measure- 
ment. The pigment is prepared in such a manner as to allow a 
photomicrograph to be taken at a known magnification. The 
negative is placo^in a stereopjicon, and an image thrown on a 
screen, so that the total magnification will be 20,000 to 25,000 
diameters, the imago of each particle being measured by means 
of a rule. The screen is divided into small squares so as to facilitate 
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counting and in this way eacl^ particle is measured and an average ' 
size determined. 

In comparing pigments for incorporation in rubber mixings, 
it would be interesting to know low the dispersion on the microscope 
slide compares with that obtained in the rubber mixing, and whether 
the pigment should be dispersed on the slide to its maximum extent, 
by adding some peptisftig agent such as soap solution. 

Methods for determining particle size are referred to in a paper 
by A. If. Luttringer,®* and, besides a description of Green’s method, 
the methods of Dinwiddle and Vogt are outlined. In the former 
the jhgments may be examined qualitatively by smearing on to a 
gramophone disc when particles adhere to the grooves ; these are 
usually OOOl inch deep, and have a radius of curvature of 0-004 jhch. 
Examination in this manner gives a rough idea of the comp''.rative 
size of different pigments, and a more accurate idea may be obtained 
by suspending a given weight of pigment in a suitable liquid, 
diluting largely, and determining tlie number of particles by means 
of th(; hsemacytometer in the manner adopted for counting the 
(•or}>uscles in blood ; from the number of particles the weight, 
an(l, knowing the density, the size of separate '•particles may be 
calculated. 

W. W. Vogt’s method*’ consists in dispersing a known weight 
of the pigment in a suitable liquid, e.gr., glycerin, and determining 
th(‘ height of a column necessary to obscure a given source of light. 
The method is based on the idea that the smaller the particles the 
greater will be the projected area interposed between the observer 
and the light, and, consequently, the less will be the height of the 
t;olumii of dispersed pigraemt necessary to bring about obscuration. 
While thia method may be quite suitable for comparing samples 
of the same pigment, it may not afford a means of comparison 
bctw'f^en samples of different composition and different optical 
])roperties.*® 

An interesting review of the properties due to particle size has 
been given by A. A. Pollitt,*® and W. M. Ames’* has published some 
useful hints on photomicrographic methods. 

\tTy little work on the chemical examination of pigments has 
be('ii carried out, but a paper by A. Short and F. H. Sharpe’^ on 
th(^ composition of golden sulphide of antimony is of interest. 
The authors have examined a range of products of various manu- 
f icturers, and in each sample have determined antimony, free^ 
sulphur, and calcium sulphate (CaS 04 , 2 H 20 ). If the antimony 
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is calculated as Sb 2 S 4 it iso found th§it in all cases the results 
up to 100%, from i'hich it is concluded that antimony is present ■ 
as tetrasulphide Sb 2 S 4 , and not as a higher sulphide, or even as 
trisulphide.’® ’Ihey adopt Kirchhof’s view t^at this tetrasulphide 
is antimony thioantimonate Sb(SbS 4 ), but a*lso suggest the possi- 
bility of its being a compound Sb. 2 Ss,Sb 2 S 6 , although it is not clear 
what is to be understood by this. It has* been generally accepted 
that commercial samples contain a mixture of the trisulphide and 
pentasulphide, and, as D. F. Twiss points out,’® even in the case 
of the samples examined there is no evidence to disprove the 
presence of a sulphide higher than the tetrasulphide admixed 
with trisulphide. Perhaps the most striking feature of the analyses 
quoted is the presence of such a high percentage cif fixed sulphur, 
as it is rarely that samples arc met with containing antimony com- 
bined with sulphur in the proportion corresponding with the 
formula SbzS* 

This was shown by B. D. W. Luff and B. D. Porr\tt,’* and their 
figures have received confirmation at the hands of N. A. Shirk and 
N. R. Wilson,’® who have examined a range of samples of English, 
French, and German manufacture^ in which the percentages of / 
antimony trisulphide were 23*7, 73*7, 60*5, and those of antimony 
pentasulphide 8-8, 16*1, 19-2 respectively. If these figures are 
expressed on the basis of the antimony being present as tetrasuJ- 
phide Sb 2 S 4 , the proportions of this become, 16’1, 29-6, and 36*3%, 
the trisulphide being present to the extent of 164, 60*2, and 444%, 
respectively, whereas in the analyses quoted by Short and Sharpe, 
the trisulphide is entirely absent. 

Among other materials which have been proposed fpr incorpora- 
tion into rubber mixings may be mentioned phenol -formaldehyde 
condensation products,’® and that glue is now a recognised con- 
stituent is indicated by its inclusion in the American Chemical 
Society’s official scheme of analysis and in the Bureau of Standards 
Circular No. 38 (4th Edition). 

For the preparation of compounding ingredients in a fine stsfte 
of division, the Hauson “ Colloid mill ” may ultimately prove 
valuable, although it remains to be seen whether the results 
obtained will justify such a procedure being adopted. In 
the event of gas black becoming scarce, as has been predicted, 
treatment of oBiinary lampblack or charcoal in this apparatus 
might afford a suitable substitute.* 
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During the past year the Ihdia Rubber Regulations, 1922, have 
come into force, and as a result manufacturers have to adopt 
special precautions where litharge or other leail compound is 
employed, if the leac> compound is present in any mixing to such 
an extent that 5%, calculated as PbO, is soluble in 0-25% hydro- 
chloric acid. The actual solubility test is carried out on the dry 
material before incorporating with the rubber, and the result 
calculated on the weight of the finished batch of compounded rubber. 
Those mixings which contain more than 5% of soluble lead are 
classed as lead compounds and provision must be made for removal 
of dust containing load at the point of origin, for a supply of overalls 
for workers, and mess-room accommodation, etc. While inost 
of the larger firms had already taken such steps to safeguerd the 
workers, a number of smaller firms could not readily comply with 
the Regulations, and as a consequence rubber already compounded 
with litharge is being supplied by certain manufacturers, as in this 
form no dust can arise and the material is not regarded as a lead 
tompound.” Under the Regulations carbon bisulphide, benzene, 
carbon tetrachloride, and sulphur chloride^ are classed as 
dangerous compounds and special arrangements must be made 
where these are in use. 

Physical Propeeties. 

j 

The increase in volume exhibited on stretching vulcanised 
compounded rubber, which was discovered byH. F. Schippel,^® has 
been examined by H. Green,’® who, by observation under the 
microscope, has confirmed Schippel’s conclusion that the formation 
of vacuoles at the extremities of agglomerates of pigment particles 
is primarily the cause of this phenomenon. It is not yet certain 
whether the whole of the observed increase in volume is due to this 
cause, but Green has been able to obtain photomicrographs of a 
barj^es mixing in which the elongated vacuoles at the ends of the 
particles are evident. 

The somewhat high penetrability of rubber films to gases has 
gradually led to the conclusion that this is to some extent due to 
solubility of the gas, and not entirely to be explained by a simple 
process of diffusion. Experiments on the solubility of various gases 
in raw and vulcanised rubber have been carried out by C. S. Venable^ 
and T. Fuwa,®® who exposed strips of the material in an atmosphere* 
of the gas and determined the amount absorbed by direct measure- 
ment after exhaustion by means of a Topler pump. The authors 
conclude that when rubber takes up a gas the process is one of true 

” J., 1922, 325r. • 

Ann. iJepto., 1920, 5, 344. 

’• J. Ind. Eng. Chem., 1921, 13, 1029. • 

Ibid., 1922, 14, 139 ; J., 1922, 183a. 
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solution and not of (idsorption. Th(! diffusion of a gas through a 
rubber membrane takes place by solution of the gas on the one side 
and effusion oftthe dissolved gas inl^o the atmosphere on the other 
side, the latter process being the chief factor«> determining the rate 
of penetration. The authors conclude, however, that there is* a 
general relationship between the solubility of. the gas and its relative 
rate of diffusion, but the actual structure of the gas molecule and 
the viscosity of the rubber may likewise have a marked influence. 

In making tests on ordinary breathing bags, A. C. Fieldner, 
S. H. Katz, and S. P. Kinney®’ have shown that rubber sheet 
^in. thick was permeable to benzene or gasoline, but not to 
carbon monoxide or natural gas. 

Considering that the phenomenon of blooming may be concerned 
with the solubility of sulphur in rubber, it is somewhat remarkable 
that little or no work has been done in this direction. The pre- 
liminary experiments of C. S. Venable and C. D. Greene should 
therefore be of value, although the authors realise tha't their work is 
not by any means complete. " 

So far, the solvbility^of sulphur in rubber at 55°, 75°, 95°, and 
140° C. has been determined by immersing in flowers of sulphur 
thin strips of rubber, either ra;^v or abmdy compounded with 
varying proportions, and leaving at th^ desired temperature until 
equilibrium was attained, which was determined bjr carrying out 
analyses for free sulphur at intervals. Fina?ly, fiee and combined 
sulphur was determined the free sulphur plotted against 
vulcanisation coefficient. IP'was found that at temperatures of 
55°, 75°, and 95° C. the curves thus obtained were straight lines, 
showing that the solubility varies directly with the copfficient, but 
satisfactory values could not be obtained when the combined sulphur 
exceeded 7%, as the hard compounds did not permit of ready 
permeation by the free sulphur. 

The effect of heating rubber films in the dark at temperatures up 
to 70° C. has been investigated by K. Asano,®® who finds that, as 
evidenced by the solution viscosity, little change occurs in gases 
such as carbon dioxide, hydrogen, nitrogen, and oxygen. Light 
is said to produce concurrent “ depolymerisation ” and “ polymerisa- 
tion,” the polymerised rubber being insoluble.®^ 

Ageing. 

The presence in tacky rubber of aldehydes, and particularM of 
laevulinic aldehyde, was noted by Gorte^,®® who fotind ihm an 

India Rubber Worlds 1922, 68, 494. 

J. Ind. Eng. Chem., 1922, 14, 319, 

1922, 301a. • 

B. D. Porritt, Rubber ^ge, 1920, 445 ; Van Rossem, A, 191 6, 55671* 

J., 1915, U04. 
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aqueous extract of the rubbef gave the^pyrro]^ reaction on heating 
with ammonium acetate. 

The subject has been taken up by G. Bruni atii C. Pelizzola,” 
who have not only •been able to confirm Gorter’s observation 
regarding the presence of laBvulinic aldehyde in tacky raw rubber 
hut have also succeeded in detecting it in various samples of aged 
vulcanised rubber. Prom this it is concluded that the tafcKiness 
of raw rubber and the ageing of vulcanised rubber are, if not wholly 
])rought about by, at any rate accompanied by similar chemicaJ 
reactions. 

These observations have been corroborated by F. Kaye®’ and 
(h S. Whitby,®® the latter of whom identified the aldehyde by 
moans of its pyridazinone. 

Briini has further®® shown that artificial ageing induced by 
heating strips of vulcanised rubber in a closed tube at 77° C. for a 
period of ten days yielded a positive p 3 n'role test, a fact which 
points to the similarity of natural and artificial ageing from the 
chemical point of view. 

Tlie changes in mechanical properties which accompany the 
ageing of vulcanised rubber have been studied by W. W. Evans,®* 
(‘m])loying the methods described^by W. C. Geer and W. W. Evans. 

It is shown that the samples do not harden as in natural ageing, 
but there is a gradual reduction in the breaking load and similarly 
in the elongation with a given load, so that the stress-strain curves 
become shorter and fall lower, although not altering greatly in 
g(‘neral form. In the case of similar mixings, the results obtained 
by this method are not exactly comparable with those obtained by 
allowing natural ageing to take place ; that is to say, if it is assumed 
that (,)nc day of accelerated ageing is equal to six months undei 
ordinary conditions. The opinion is expressed that a too rapid 
degradation is more frequently due to improper vulcanisation than 
to any specific efieci bf compounding ingredients present in the 
mixing. 


Accelbeatoks. 


The subject of accelerators still continues to attract attention, 
hut the character of the work published tends to be more closely 
cone* med with the mode of application in the factory than with the 
})urcly theoretical aspect of the question. 

It is well known that when •accelerators are used the proportion 
of sul])}mr ^ployed in the mixing should be kept as low as possible 


•*» Ivdia Rubber J., 1922, 63 , 416. 
Ibid., 63 , 635. 

Ibid,, 63 , 742. 

' * Ibid., 63 , 814. 

J'., 1922, 601a. 

® Jndia Rubber J., 1921, 61 , 1163. 
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and P. Schidrowitz ^nd J.»R. Bumand“ have carried ont ex^- 
ments to determine the proportion of accelerator which must be 
used in order t<i give satisfactory vulcanisation m mixing conto- 
in(T 2®/ and 4% of sulphur. The work has new been extended to a 

Bean who employed a mixing containii^ 2 ;,nc oxide and a constant 
proportion of ^^accelerator, piperidine piperidyldithiocarbamate 
r^rsed on colloidal clay, and introduced sulphur m Proportions 
va^g from 1-07 ®/o to 4-49®/„ calculated on the^ rubber. The 
JSStion of active accelerator used was 0-5o/„, and it was found 
that apnroximately 2-5®/o of sulphur was necessary for the acceler- 
ator to^xhibit full activity ; below this percentage the products 
cave poor tensile figures. 

A somewhat similar investigation dealing with hexamethylene- 
tetramine is recorded by C. S. WilUams.** working on a basis 
Skg of rubber 100, zinc oxide 3, to which sulphur was added m 
^rvintr from ISX to 7 0“/o and hexatoethylenetetr- 
E to the extent of from 0 to l-25®/<. With the lowest sulphfir 
content only fair, results were obtained with 0-5 /„ hexamme, no 
iZrovement being observed on increasing tins proportion The 
bert results as indicated by breaking lo^ and elongation at break 
were oSled by employing 3®/o suljdiur with 1®/ hexamme: 
toe ageing properties of the samples were not examined. 

^fSve merits of the coefficient of imleamsation and the ^ 
mechanical properties as indicated by the stre^-stram cuije as a 
^M^Zf determining the state of cufc have been much debated 

Zes Zy indicate clearly the value^ ^rtioular sample at the 
lime the tot is carried out, the vulcanisation coefficient is a surer 
Sx to S ageSg properties. ' With the introduction of orgamc 
ilerSort it soon ^ame apparent toat it was imp^sib e to fix a 
standard vulcanisation coefficient ajpplicable to all mixi^ , 
Jn^^TlZ Zn suggested by several workers that the variations 
irvJd in toe coefficient of Lcelerated imxings of the same ph^- 
cal state of cure are in a measure expUcable by the different times 

°^"tr^S?iS“ought to ehminate the e^t 
of Zs varyiim heat period by selecting mixings contai^gMerent 
:SEin^Hch pZportio^ that toe toe of cure of each m^ 
rive nhvsically comparable products was the same. J»si 
mitogs cLteining rubber (48 parts), zinc oxide (48), and sulphu^W 
Z^lected and hexametoylenetetramine«(0-5), aldehyde-ammpiySi 

. « Ann. ReptH.t 1921, 6, 369. 

•• J.. 1922, 324t. 

Rubber Wor«, 1922.^ 490 . 

J. Ind, Eng. Chem., 1922,14, 9ol. 
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ro.75) thiocarbanilide (1*5),. and ^-nibrosodimethylanilme 
added to separate batches. After heating for a period judged to 
a “ good commercial cure ” (in this case 60 mimitos at 141-7 U) 
the samples were analysed by the method outlined by W. J. KeUy 
(p! 331) and the true combined sulphur determined. The vulcanisa- 
tion coefficients were fpund to be in the case of hexamine 
P.nitrosodimethylaniline 1-03, aldehyde-ammonia 0-98, and thio- 
carbanilide 1-38, from which it follows that even in mixings adjusted 
so that equivalent stress-strain relations are obtained with the 
same time of cure, the vulcanisation coefficient is not necessarily 

^ Th(^ fact that the activity of certain accelerators is much enhai^ced 
by tlie presence of zinc oxide has been realised for some time, and 
in an extensive series of experiments with dithiocarbamaies and 
similar compounds, D. F. Twiss, S. A. Brazier, and F. Thomas®* 
liavc c learly shown the marked influence which is thus exerted. 

In all cases a 90 : 10 rubber sulphur mixing was taken as the 
basis, and the various ingredients added in the desired proportions. 
When 0-25% of piperidine piperidyldithiocarbamate was present 
satisfactory tensile properties were obtained by curing 180 min. 
at 128° C., the vulcanisation coefficient being 4-07. Addition of 
only 1% of zinc oxide reduced the time of cure at a lower tempera- 
tuns viz., 118° C., to about 20 mins., the vulcanisation coefficient 
falling to 2 0. With increasing proportions of zinc oxide up to 
the effect, judging from the figures quoted, was not so much to 
reduc(‘ the time of cure as to improve the maximum tensile proper- 
ties of the vulcanisates. At^ temperature of 128° C. the activating 
influence of the zinc oxide is more clearly shown. The “ depolymer- 
isiiig ’ influence of this accelerator when used in conjunction with 
l% ()f zinc oxide is clearly exhibited by the extensibility curve, as 
with increasing time of cure the initial reduction in extension is 
follo^^cd by a gradud increase. This depolymerisation is also 
noted in the case of other accelerators such as thiocarbanihde, 
tetramethylthiouram disulphide, diethylamine diethyldithiocarb- 
aniate, and zinc ethylxanthato ; in the first two mentioned it is 
apparent only in presence of small proportions of zinc oxide, but 
the others appear to produce this effect even with larger proportions 
of oxide. The activating influence of zinc oxide is again apparent 
in all these cases, and it is noteworthy^ that even zinc salts, such as^ 
those of the alkyl dithiocarbamates', require the presence of zinc 
oxide to bring out the full accelerating effect. That 
case of surf’icfe catalysis was shown by introducing colloidal clay 
in place oi the zinc oxide, when no such effect was produced. An 
interesting observation is that dithiocarbamates derived from 
primary amines are less active than those resulting from secondary 

J . 1922, 81t. 
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amines, and the sam^» is trite of the tifiiouram disulphides prepared 
from these compounds. In general the authors have shown that 
the accelerator^ examined give products of initial high tensile 
strength and further emphasise the tact thatithe maximum tensile 
properties are obtained concurrently with a low coefficient of vul- 
canisation. It must, however, be remembered that the mixings 
‘ employed contained a comparatively high proportion of sulphur, 
and that the ageing properties of the vulcanisates are not indicated. 

Dithiocarbamates have been also studied by P. Rchidrowitz, 
J. M. S. de Gouvea, and F. G. Osborne,*'^ who have compared the 
relative activity of dimethylamine dimethyldithiocarbamate and 
the^diethylaminc analogue and have found that the dimethylamine 
derivative is the more active in the presence of zinc oxide, but there 
is little difference in activity in absence of zinc oxide. Equal 
weights and not equal molecular equivalents were employed, and 
therefore on this ground alone a more marked activity would be 
expected in the case of the one possessing the loader molecular 
weight. It would be interesting to know whether by taking 
molecular equivalents the difference would still persist. It is 
worthy of note that both the compounds are active in the absence 
of zinc oxide, thus confirming the work of P. L. Bean,®® who dis- 
puted the correctness of the statementa^by J. B. Tuttle,®® to the 
effect that under these circumstances vulcanisation is actiudly 
retarded. 

Continuing their studies on the reactions of acctlerators during 
vulcanisation,^®® 0. W. Bedford and L. B. SebreU ^®^ find that tetra- 
methylthiuram disulphide, if present to the extent of 5%, will 
vulcanise rubber equally well in presence or absence of zinc oxide. 
The samples containing zinc oxide show higher tensile properties, 
but the vulcanisation coefficient is lower, and a considerable pro- 
portion of zinc sulphide is formed. This thiouram disulphide 
will not vulcanise rubber cements containing sulphur in the cold, 
either when used with or without zinc oxide ; in presence of hydro- 
gen sulphide, however, vulcanisation takes place, but only in the 
cement containing zinc oxide. This is explained by the formation 
of the dithiocarbamic acid, with liberation of sulphur, which is 
available for vulcanisation : — 

s s 

(CH 3)2:N.^‘.S.S.C.N;(CH3)» -f- HgS - 2(CH j) atN.CS.SH ■+ S 

the dittiocarbamic acid reacting with zinc oxide to form the zinc 
' salt. 

*^Jndia Rubber J., 1922, 64, 75 ; J., 1922, 601a. 

Ibid., 1922, 63, 354 ; J., 1922, 261a. « 

»® J. Ind. Eng. C/tem.. 1921, 13, 521 ; J., 1921, 709a. 

Ann. Repts., 1921, 6, 365. 

J. Ind. Chem., 1922, l4, 25 j J., 1922, 262a. 
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When employed in hot vul^anisationi thiouram disulphides foim 
alkylated ammonium polysulphides and tritMiocarbamates, while 
in presence of zinc oxide salts of dithiocarbamates arc formed, 
ill addition. Dithioc|Lrbamates will bring about ^Ailcanisation of 
(;emonts at low temperatures but only in presence of zinc oxide, 
and in curing at high temperatures the zinc salts do not react 
readily with sulphur, except through hydrogen sulphide pr^duc^d 
by reaction with the rubber resins. Thiocarbanilide is said to 
function as a mercaptan, and the zinc mercaptidc formed reacts 
with sulphur giving a polysulphide, which furnishes the sulphur 
iK^cvssary for vulcanisation. In this case there will bo no metallic 
sul})liide formed, as is postulated in the theory of Bnmi and Komani, 
w ho assume that the mercaptidc is converted into a mercaptobenzo- 
thiazole disulphide with simultaneous formation of zinc svlphide. 
Ihe activity of guanidines is also explained by Bedford and Sebrell, 
uu the basis of the polysulphide theory, but discussion of the nitroso 
compounds is reserved for a future occasion. 

The writer would like to call attention here to the nomenclature 
generally adopted in describing the reaction product of piperidine 
and carbon disulphide. 


Ch/ “ ;N.CS.8HAHuN 

to which the name niperidine piperidyldithiocarbamate is 
and this has been used for convenience in this report. Piperidyldi- 
thiocarbamic acid, however, would be represented by the forniula 
(J^llioN.NH.CSSH in which one of the hydrogen atoms of dithio- 
carbamic acid IsH.CBSH is replaced by the piperidyl group 
C 5 H ,,)N-. In the compound under consideration the two hydrogen 
atoms are replaced by the divalent pentamethylene group and the 
correct designation would be pentamethylene dithiocarbamate, a 
name which has occa«’cnally been used.*®® If it is desired to retam 
the ]>iperidine group in the name the designation becomes more 
difhcult, but either piperidine- 1 -carbodithionic acid or piperidy - 
carbodithionic acid would be equally correct. 

Several papers reviewing the subject of accelerators have appeared 
(luring the vear,*®* and as a matter of historical interest it has been 
stated that organic accelerators were first used in America by 
0. Oonslager in 1906, thiocarbanilide being introduced in 1907 . 1 ®® 


Cf. (1. Bruni and E. Romani, hidia Rubber J„ 1921, 82, 63 ; J., 1921, 

r>=5:u. , ^ , 

*'**‘x. B’*mi, J., 1921,* 400a; Murril, Le Caoutchouc et la Outta Percha, 
19'>2 26 “^ 

■ J. L.' Rosenbaum, indio Rubber X, 1922. 68. 226 ; C. W. 

Ini. Eng. Chem., 192?. 14. 856 ; L. E. Weber. Indw Rubber X. 1922. 
63, 793. 

\V. C. Geer, J. Ind. Eng. Chcrn.g 1922, 14, 373. 
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Although one gathers that f^he number in actual commercial use is 
very limited,^®® accelerators mentioned in technical literature are 
exceedingly numerous and a proposal has been made to issue an 
index and comjjlete bibliography de&lingwitlv the subject," arrange- 
ments for which are in the hands of C. W. Bedford.^®' 

Testing. 

The machine usually employed in Europe for determining the 
tensile properties of vulcanised rubber is of the Schopper type, 
which, operating on a ring-shaped test piece, autographically 
records load applied and elongation. For those who do not 
possess such a machine, or for other reasons prefer to use a 
dumb-bell shaped test piece, W. W. Vogt ^®® has devised a new 
type of stress-strain curve. This is obtained by plotting the load 
necessary to produce given elongations at increasing times of cure 
against times of cure expressed in hours or minutes. Elongations 
increasing by 100% are chosen and for each eloilgation a separate 
curve is obtained. . 

Comparison of various mixings may then be made by a visual 
examination of the curves thus obtained, and, if required, the 
normal stress-strain curve for anjr.of the^cures can be constructed 
from the data and recorded on the‘ same graph, the elongation being 
plotted on the same axis as the time of cure. The reverse method, 
wherein the elongations at a given load are {)iotted against times 
of cure, has been frequently employed by D. F. Twiss and 
others. 

In view of the divergent methods of graphically recording various 
mechanical properties of rubber, a plea for standardisation has been 
entered by W. B. Wiegand,^®® jtv^ho urges that the whole of the 
mechanical characteristics be set forth on a single sheet of squared 
paper divided into six sections. On the left, hand side of the chart 
breaking load, elongation at break, and sub-permanent set after 
rupture, are to be plotted as ordinates against time of cure as 
abscissae. On the right hand side energy of resilience and tensile 
product are plotted against time of cure in the lower section, and 
in the upper section the stress-strain curve, contrary to the usual 
practice, is shown vdth elongation as abscissae and loads as ordinates. 
The stress-strain curve is thus brought into conformity with modem 
engmeering practice in recording data obtained with constructional 
materials, and in effect the result is fhe same as would be obtained 
by turning the ordinary Schopper curve through an angle 
of 90°. 

L. E. Weber, loc. cit. 

1®’ India Bubber World, 192% 66, 561. 

10* 1922, 66, 421.* 

India Bubber J., 1922, 64, 989, 



A. H. Nuckolls has drawij aiitentioii to the effect of temperature 
at wh’ch mechanical tests are carried out on^he results obtained, 
the breaking load for instance, decreasing markedly with increasing 
temperature, a fact t<^ which atftention has been frequently directed. 

•W. W. Evans has devised a machine for obtaining stress-strain 
data, and particularly hysteresis loops at low elongations, these 
conditions being in conformity with actual usage. It is suggested 
that much of the disparity of stress-strain data is due to non- 
standardised conditions of applying the load. In the machine 
described, which is of the balance type, the load is applied and 
released at a uniform rate per unit area of cross-section, and this is 
accomplished by using a bucket which can bo moved either towards 
or away from the fulcrum, according to the cross-sectional arda of 
the tost piece. 

It is well known that certain rubber mixings are more liable to 
tear apart than others once a cut has been made. Attempts have 
now been made to express this “ tearability ” quantitatively by 
E. C. Zimmerman, j }3 Tuttle, and by B. B. Evans.”* 
Erom the results of the last-named it would appear that in com- 
pounds containing equal volumes of pigment, ll'efined china clay 
causes tearing more readily than does magnesium carbonate, while 
zinc oxide gives products which’can scarcely be torn. Overcuring 
inen^ases tearability in a normal mixing, but if an accelerator is 
introduced the reverse is the case, overcuring giving better results 
than under- or correctly-cured samples, the general effect of adding 
accelerator being to increase resistance to tearing. The method of 
curing also appears to have some influence on the results obtained, 
and this may, in a measure, be due to the manner in which the 
samples aib built up. The methods outlined by these workers 
constitute a new departure in the mechanical testing of rubber, and 
while it is at present impossible to draw any general conclusions, 
further development*' will be awaited with interest. 

Comparisons of the permanent set of vulcanised rubber samples 
under various conditions have been made by F. W. G. King and 
A. G. Cogswell,”® who have determined the effect of varying the 
extension, time of extension, and time of recovery, and have also 
studied the effect on the set of extension imder constant load. 
They conclude that application of stress for 20 minutes and a re- 
covery period of one hour should sufi&ce for routine testing, although, 
ff greater accuracy is desired 3-5 hrs. should! be allowed ; the 
method of using constant extension rather than constant load is 

““ iruii* Rubber Work, 1922, 67, 79. 

Ibid., 1921, 65, 192. 

India Rubber ,J., 1922, 64, 475. 

India Rubber World, 1922, 67, 160. 

”* India Rubber J., 1922, 64, 816. 

India Rubber J., 1922, 68, 30 ; J.fim, 110a. 
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favoured, and high extensioifrs are said,, to give more uniform results 
than low extension^; 

In connexion with the use of rubber for shock absorbers, especially 
for aeroplanes, *a communication Ify H. P.^ Gurney and C. H. 
Taverner^® possesses many points of interest. The energy-absorb- 
ing capacity of mixings made up with plantation and Para rubber, 
with and without additional ingredients, was determined, and 
curves are given showing hysteresis in successive cycles of extension 
and retraction. 

Articles dcniling with dielectric tests on insulating materials have 
been pubUshed by N. A. Allen, who describes a guard ring for use 
when testing at the edges of a sheet, W. S. Flight, and the 
British Electrical and Allied Industries Research Association,”® 
who have issued particulars of a comprehensive series of tests for 
insulating materials including vulcanised rubber. 

Analysis. 

The proportion of rubber hydrocarbon present in vulcanised 
samples is generally arrived at by a difference method, the percentage 
of other known constituents being determined directly, and several 
attempts have, from time to time, been made to elaborate a scheme 
for the direct determination of rul)ber. ^The formation of caout- 
. chouc tetrabromide has served as the basis of several methods, and 
that of W. K. Lewis and W. K. McAdam,^®® n\^whic^ the hydrogen 
bromide formed by substitution is determined by allowing it to 
react with iodate and titratmg the iodine liberated, appeared 
promising as it overcame one oi the chief objections to the methods 
then available. The method has been investigated by H. L. 
Fisher, H. Gray, and R. Merling,^'^^ who have ini^roduced several 
modifications, notably the drying of the tetrachlorethane used for 
bringing about “ solution ” of the vulcanised rubber, and increasing 
the proportion of potassium iodide so as to react with the whole of 
the excess bromine. These workers, however, failed to obtain 
satisfactory results, an error of more than 24% being recorded in 
the case of a pure rubber sample, and they therefore conclude that 
further elaboration is necessary before the method can be used with 
any degree of confidence. 

For the determination of the bromine content of caoutchouc 
tetrabromide, F. Utz recommends treatment with a solution of 
silver nitrate and potassium bichrom^jte in concentrated sulphuric 

J. Ind. Eng. Chem., 1922, 14, 134 ; J., 1922, 183a. 

India Rubber J., 1922, 63 , 61. < 

Rev., 1922, 90 , 39, 76. 

India Rubber J., 1922, 84, 29. 

Ann. Repts., 1920, 5, 349. 

121 J. Ind. Eng. Chem., 1921, 18, 1031 ; J., 1922, IIUa. 

^ J., 1922, 383aj see also J., W12, 329. 
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acid, warming gradually, an^ absorbirig the liberated bromine in 
a mixture of equal volumes of 15% sodium hyllroxide and saturates 
sodium sulphite solution. The bromine content of the absorption 
liquid is estimated af^r acidifjring with nitric acid.’' 

* J . Lagerqvist states that the drying of acetone extracts obtained 
in the analysis of rubber goods should be carried out at 50° C. under 
reduced pressure, as ar3dng at 100°-! 05° C. at ordinary pressure 
yields lower, and more variable, results. 

The various forms in which sulphur may be present in vulcanised 
rubber mixings have been exhaustively studied by W. Kelly,'** 
wlio lias extended *his earlier work,'*® which dealt only with pure ” 
mixings, to those containing various compounding ingredients, 
including zinc oxide, litharge, glue, with and without organic 
accelerators. The sulphur may be present in the acetone -soluble 
])ortion, either as true free sulphur, or as sulx)hur in combination 
with rt^sins, })roteins, and accelerators. The acetone-insoluble 
portion may contain sulphur combined with the rubber, togethet 
with resins, protein, and accelerators. Apart from cases where 
sul])hates such as barytes have been added, sulphur maj also be 
pri'sent in metallic sulphides either previousljf added or formed 
during vulcanisation, and E, P. Stevens'*® has already described a 
iiu'thod of analysis for use m such cases. 

In the examination of the acetone-soluble portion Kelly performs 
two extractions, in the one case determining the total free sulphur, 
and in the other the “ true free ” suli)hur, «.e., that which remains 
after w’ashing the extract wdth alcohol previously saturated with 
sulphur, w'hich dissolves only the organically combined portion. 

In the a^ietoxie-insoluble portion of the sample, the determinations 
(consist of : (1) total sulphur ; (2) sulphur soluble in alcoholic potash, 
which includes that portion which is in combination with resins 
etc. ; (3) metallic sulphides determined according to Stevens’ 

method; (4) sulpLvU* combined with accelerators etc., dissolved 
in the ether-hydrochloric acid reagent and remaining after hydrogen 
sulphide has been evolved ; (5) sulphur combined with rubber. 

R('sults of analyses carried out in this manner are quoted, but 
it can hardly be said that the figures justify the adoption of the 
somewhat elaborate scheme for ordinary analytical purposes. In 
casos where research is being undertaken on the reactions involved 
when ;!ccelerators are employed, the methods outlined should prove 
useful, as it must be confessdd that, with a few notable exceptions, 
little positive evidence such as a method of this description would 
furnish h.is been adAiced in support of theories. Looking at the 

1022, 183a. , 

J. Ind. Eng Chem., 1922, 14, 196 ; J., 1922, 301a. 

1920, 72bA. 
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Of vm TBOOBfSS OF APFLDSO CBSaSS^^, 

111^8 quoted for sulphide fsulphur, will be seen that in a -Sliy 
' Oxide mixing the presence of thiocarbanilide has not materially 
I’affected the proportion formed during vulcanisation, as would be 
expected^*^ undtr these circumstances. 

Dealing with the determination of combined sulphur in coni, 
paratively pure mixings, J. W. W. Dyer and A. R. Watson 
r advocate the use of nitric acid followed by potassium permanganate 
to bring about oxidation of the sulphur, as previously described 
by A. R. Pearson.^®® For the determination of free sulphur the 
acetone solution is oxidised directly with potassium permanganate, 
but it is likely that this would be effective only when the sulphur 
extracted remains dissolved in the acetone and not, as so frequently 
happens, when it has begun to crystallise out. S. G. Byam 
recommends the use of the Parr sulphur bomb for rapidly deter- 
mining free sulphur, the barium sulphate, after precipitation, being 
weighed directly or estimated by means of a nephelometer. 

A method described by I. R. H. ter Meulen consists in'passing 
hydrogen over the heated sample and then over heated platinised 
asbestos so as to convert any sulphur into hydrogen sulphide, which 
can be determined 'iodometrically. While this may be suitable in 
some cases, there will doubtless be "a danger of poisoning of the 
catalyst in samples containing antibiony/)r mercury. 

Methods of analysis of guttapercha are briefly outlined by V. A. 
Stock,^®® and among recent publications dealin^^tb rubber analysis 
may bo mentioned the Fourth Edition of U.S. Bureau of Standards 
Circular No. 38, which also deals with physical tests, and the 
Methods of Analysis tentatively recommended by the American 
Chemical Society (Rubber Division).^®® 

Miscellaneous. 

.Considering that almost without exception the heat necessary 
for vulcanisation is afforded by means of a steam supply, although 
P. Schidrowitz”* has visualised its substitution by hot water, the 
proposal to employ a high -boiling liquid such as aniline is not 
without interest, especially as such methods of heat transmission 
are now attracting attention.^®® A novel method of making use 
of the property possessed by eutectic alloys of maintaining a 

^ Ann. Rept8., 1921, 6, 368. 
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Ahn. Repta., 1920, 6, 349. 
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constant temperature during,8olidificat(ion is propos^ in a patmt??; 
for employinian alloy of tin (25 pts.), lead (f6 pte.), and 
( 9 pte.) which maintains a temperature of 146 C. wMe 
and liquid phases ejist togeftier. Such alloys w6uld be suitable 
for use with portable vulcanisers, for carrying out casual rej^. 

A modification of .the gas absorption process for pr(^ucmg 
cellular rubber consists in incorporating finely-divided charcwl 
with the rubber mixing, thereby increasing the absorptive capacity 
of the mass, and allowing the employment of lower atmospheric 

reference may be made to the suggested use of rul.bCT in 
making transparent substitutes for glass, in one case the j-ibber 
being mixed with celluloid in a common solvent, cyclohexanol, 
Lm^ which a rubber-celluloid film is obtained,’*" or the rubber, 
supported, if necessary, on a gauze structure, may be employed 
alone and cured by the Peachey process.’*’ 
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LEATHER AND (iLUE. 

By D. WoOBROFFE, M.vSc., A.I.C. 

Head of Leather Department y Northampton Technical School, 

The leather trade has experienced a most uncomfortable period 
during the past year. The heavy leather section, which is the most 
important, has had the most prosperous time, if anybody has been 
prosperous. As mentioned in last year’s report,^ hides slumped to 
an unprecedentedly low figure in 1921, but tanners wtjre holding off 
buying them. They were enabled to dispose of those hides which 
were put into worl^ at a profitable figure, but the volume pf business 
has been small because of the restricted purchases of raw material. 
Raw material has become firmer in price and with the upward 
tendency, tanners have endeavoured tci^ obtain higher figures for 
their leather. 

The situation has been materially influenced by conditions in 
America, where hides are 50% dearer than here. It is difficult to 
understand the rise in price, and it has been suggested that the 
packing firms hold big stocks of tanned leather, ^ which they find 
difficulty in disposing of, and to enable them to find a rc^idy market 
they are purposely inflating the price of the raw material. When 
the finished leather has risen in price, these stocks will be unloaded 
on the market at a profitable figure. This suggestion is very possible 
but the secret of the trouble lies deeper than that. It seems hardly 
feasible that there can be much leather in the States, otherwise 
British tanners would not be finding such a ready market for their 
productions in that country. 

Cattle breeding and rearing has proved anything but profitable 
during the past eighteen months. Prices are still faUing, and have 
been falling during the whole of 1922. Cattle purchased in 1921 
at prices ranging from £50 to £70 each, have only realised from 
£17 to £45, and farmers and stockbreeders have had no inducement 
to stock large herds ; on the other hand, there has been every 
reason for drastic reductions in the numbers until such time as 
prices are stabilised and there is no longer any grave risk of seeing 
V capital melt a-way. Combined with these < facts is the smtSfiet 
number of animals which have been slaughtered during the year. 

^ Ann. Repta., 1921, 6, 379. 



LEATHER AND GLITB. 


335 


Unemployixient and lower Tvages ha'v^e seriously diminished the 
purchasing power of the community, the “ kifl ” is much dess than 
normal, “ and hides arc comparatively scarce. America has no 
leather to spare for oport to-day, as the demand thA-e is sufficiently 
steady to utilise all their productions. The British sole leather 
market is almost enljjlrely dependent upon home supplies. In 
ordinary circumstances this would have been the tanner’e oppor- 
tunity, but all attempts to obtain advances in the home markets 
have proved fruitless. Tanners have sought to obtain advances 
of Id. and 2 d. per lb., but their demands have met with an unre- 
served refusal. Ijoathcr factors and boot manufacturers alike 
arc running down their stocks in the hope that the low prices will 
he re-established. 

Tanners have resorted to the old method of r(‘.ducmg the 4 uantity 
of hid('s put into the pits in the hope that raw hides will become 
elioa])er, but it is diflicult to see how this can be achieved when 
American hides arc realising la. 6 d. per lb., against English hides 
at lOd. The situation is very complex, and it seems probable that 
sol(^ leather must increase in price. Trade has been very fair on 
the V hole, but boot manufacturers are very hard*pressed to produce 
hoots at a reasonable price and they are on the look-out for cheap 
leather. 

There have not been many technical developments in the tanning 
of sole leather, except in minor details. The use of synthetic 
tannins is becoming more general and seems likely to involve 
chemists in a difficult position since the combined sulphuric acid 
in the synthetic tannins is reported as free mineral acid, according 
to the Procter- bearle method of the mineral acid determination. 
A further *cc mplication arises from the increasing application of 
sulphonated oils to the finished leather. It is surprising how much 
oil is found in some tannages, and the question of a limit has been- 
considered again ^7 one Research Association. The standards 
suggested were as follows : Ash, 2% ; water-soluble matter, 22% ; 
fat, 5%, and free mineral acid, 0-5%. 

llio light leather and dressing leather section of the trade has 
('^perionced a very trying time during 1922. The Government 
iias had largo stocks of East Indian tanned kips in its possession 
Mhich have been left over from purchases made during the war. 
The stock in hand two years ago was sufficient to cover the whole 
of the requirements of the hoigie trilde for a period of twelve months. 
The existence of such stocks has greatly depressed the markets, 
and it wft^ only in I^ovember that the whole of these stocks was 
oleartd, with the result that the kip trade has revived and prices 
have shown buoyaqey. Direct imported kips are commanding 
more money, and there has been an improved turnover. 

* Yorkshire Post, Oct. 26, 1922. 
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Leather dressers ^nd dyirs of tanned leathers have been fairly 
busy during the year at keenly competitive prices. Some manufac- 
turers have declined to compete foj* business and they have been 
left stranded with a few crumbs of trade. There appears to be a 
keen demand for technically trained dyers, managers, and foremen. 
Some firms are quite unable to compete, with the foreigner in 
dyeing and finishing. EngHsh dyes are much superior to pre-war 
production, but they cannot yet be compared with the pre-war 
German dyes on leather. 

The most serious feature of the past year has been the terrible 
plight of the chrome tanning section. Many firms specialising in 
chrome productions have been compelled to close down, owing to 
the keen foreign competition. The first blow was the release of 
large quantities of American calf and sides at slump prices. This 
was followed by a corresponding fall in the prices quoted for French 
and German productions, which was rendered possible by the 
anomalous rate of exchange. It has been impossible for British 
tanners to compete \Yith the prices quoted, and many arc waitinfe*^ 
until conditions iipprove before venturing again on box and willow 
manufacture. The only profitable section of chrome calf tanning 
has been the manufacture of suede and white calf. Firms who 
were equipped for this work have been ifble to continue both the 
production of grain and suede calf. The outlook is very black. 
Raw calf are scarce and consequently dear ; the demand for suedes 
is uncertain and speculative. A large amount of capital has been 
sunk and much lost in attempts to capture the foreign trade. Five 
or six chrome tanneries, which were commenced . during the war, 
in the Midlands have either closed down, or are working out a mere 
existence. In two cases the standard of production was remarkably 
high, and the box-calf produced at one tannery compared favourably 
w^th continental productions, whilst the glazed kid turned out by 
the other factory was superior to much of the American glazed kid. 
Only well-established chrome tanneries appear to have been able 
to weather the last two years, and fortunately there are a few who 
can compete with the foreigner and beat him in the home markets. 

The gloving trade has experienced a very successful year as 
regards the volume of work. The demand for fine suede leathers 
in high-class shoes has taxed the utmost capacities of the home 
trade, and some, very fine leather has been turned out by English 
glove dressers in all the different shades decreed by fashion, lliere 
has not been much extension ; in one instance it was proposed to 
erect a new works, but the local authorities objected to aiiy addition 
to the number of works occupied in this most “ objectionable ” 
.'trade. It -seems very unfortunate that so 'much prejudice atiH 
exists. The leather trade is one of the healthiest, and th^ 
disgusting and nauseous processes are speedily being replace^; 



337 


XBATHBB AND QLUB. 

il 

more scientific methods in -w^ich pure* sweet, clean materials are 
employed, and odour and putrefaction are obviated. The change 
which has been wrought in the bating process is Pai ^ost miraculous, ‘ 
In 1914 only two ^)r three British firms were usihg scientifically 
prepared bating materials, and most tanners relied on dog and bird 
excrements for their bating process. Most tanners claimed that 
it was impossible efficiently to replace the old-fashioned mcit 3 rfai 8 , 
and the arguments of the chemist were dismissed with" contempt. 
To-day there are only two or three large firms who are not using 
the scientifically prepared bating material regularly and exclusively 
for their bating process. The change has come about very quietly, 
and largely owing to the dogged perseverance of certain w'orkers, 
but it is a triumph for applied chemistry. 

There have been several improvements in leather machinery 
during tlie past tw'elve months. A new shaving machine has been 
introduced from Germany, by means of which shaving has been 
reduced to a semi-skilled operation. The machine can be adjusted 
for any desired substance of leather, and in one stroke of the 
machine the substance of stouter skins is autqpatically reduced 
to this substance. A kip side can be shaved in three strokes, thus 
very much reducing the time occupied in shaving stout chrome 
skins at present. The machine has l>een introduced into several 
English leather works, and has proved a great success. 

New and improvechmachines are being built for striking out and 
Hamming, which facilitate the manufacture of leathers with a 
better appearance. The grain, is well got out, and the wrinkles 
on bull hides and skins can be removed. There has been an increase 
in the number of scientific drying plants in operation, and leather 
manufacturers are realising more than ever the need for efficiency 
in the drying shed. An Act was passed in 1919 relating to instru- 
ments for measuring leather by superficial area. The regulations 
made under that Act* did not become operative until July Ist, 
1921. The Act at present only applies to leather-measuring 
machines of patterns approved by the Board of Trade. The only 
machine approved at present is a new pin-wheel type of machine, 
of which there are only three or four in existence. It will probably 
not be long before the Act is amended to enforce the use of approved 
machines only. Approved machines are subject to inspection, 
with a view to testing, verification^ and stamping. . 

Encouraging reports have b«>n issued by the ditterent educational 
institutions. Leeds University Leather Industries Department 
has had a i^iost succes^l session, and some brilliant students have 
just completed their course there. The Leathersellers’ Technical 
College has been verj^ busy, and the students have scored many 
auccesses in the external examinations. Efforts are being made to 
train youths at the Northampton Technical School for positions 
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where technical knowledge if^ indispenfsable, and the leather depart- 
ment is full of students. The educational aspect of the leather 
trade is extremely important, becausp there is such an urgent need 
for the present knowledge to be disseminated throughout the trade. 
There is a scarcity of young men who can fulfil the obligations bi 
executive positions requiring technical knpwledgc. Chemists do 
not realise the need for themselves applying their knowledge in 
works’ processes, and they expect non-scientific foremen and mana- 
gers to realise their point of view. The various research associations 
are doing a most valuable w'ork in educating the tanners and 
manufacturers, which is generally forgotten when the value of their 
work is being assessed. 

Several valuable books have been published during the year, the 
most important of which has been the second edition of ProctcT’s 
“ Principles of Leather Manufacture.”® This book, first published 
in 1903, has long been considered to be the standard w'ork on 
leather manufacture. It has proved a stimulus to thought, as w^ell 
as a guide to methods. The latest information on proteins and 
tannins has been included and there are valuable chapters on 
colloids and physical chemistry. C. A. Enna* has translated 
G. Grasser’s book on “ Synthetic tannins,” Dr. A. Rogers^ has 
modernised L. A. Flemming’s “'Practiifel Tamiing,” and added 
some valuable information on unusual tanning processes, pigment 
finishes, and patent leather. J. Jettmar® has, written an up-to-date 
treatise on vegetable tanning materials and extracts. Each 
material is described in ton, and complete analyses of different 
samples arc cited. An excellent introduction to the chemistry 
of the tannins is also included. F. Kopecky has written a small 
brochure on ” Theory and Practice.” M. C. Lamb has outlined 
the manufacture of chrome leather in an American journal,^ and 
is about to publish a book on the same subject. 

The Leather sellers’ Company arranged another series of lectures 
in the last month of the year. The first two were delivered by 
Dr. R. H. Pickard,® director of the Leather Manufacturers’ Research 
Association, and he outlined some of the problems at present under 
consideration by the staff of the Leather Trades Research Associa- 
tion. He stated that the Association had solved the problem of 
spueing on chrome leathers. One member of his staff has prepared 
a chromium compound by means of which pelt can be one-bath 
'chrome tanned skid which cau&es a ,epue under certain conditions, 
which can be controlled. The main portion of the lecture was 

» J., 1922-, 32lii. 

V., 1922, 141r. 

J., 1822, 488r. 

® Leather Trades 922, 378. 
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devoted to an account of the microscopical investigations which 
had been carried out on goatskins, sheepskins^ and ox-hi4es in the 
raw state, and after treatment with acids, alkalis, sodium sulphide, 
ammonia, lime, aiid after bating. Some exceUciit sections had 
been prepared and p*liotomicrographs made from them. Lantern 
slides of these were employed to illustrate the lectures, and they 
revealed evidence of a farge amount of careful painstaking research. 

A lecture on the Warble fly was delivered by Prof. G. H. Carpm- 
ter^ on the following day, and preventive measures explained for 
obv iating serious damage to the hide. The lecturer described the 
t\\() species of warble fly. The hovis variety is the most prevalent 
in Ejigland and Ireland. The fly lays its eggs at the lower end of 
the hairs on the aniraaFs hocks, the eggs hatch and the ydung 
maggots bore through the skin and migrate to the guPet from 
\vli(‘iic;e they travel to the back. When ripe, the maggots bore 
through the most valuable portion of the hide and fall to the ground. 
'Flu; most successful remedial wash consists of an infusion of tobacco 
waste and some alkali. 

Tiio leather trade has sustained a very serious loss through the 
d(':ith of three of the leading continental expei*ts, W. Eitner, W. 
Fahrion, and J. Jettmar. Eitner w'as the founder of Der Gerber, 
which rightly claims that he and his assistants have performed 
fui (aiormous amount of work during the last forty years. Ho has 
carried out fundamental investigations in tiiiming chemistry, and 
has assembled and published an extraordinarily large amount of 
pj aetie.al knowledge. He was the author of the throe-bath ehromo 
lauuing process, and has insjjired many of the younger experts in 
chrome tanning. 

W. Faiirlon “ died on February 21st. He was one of the greatest 
oil cluunists of his day, and was the leading authority on oils and 
fats eoimected with the leather trade. He has made valuable 
(ontributioiis to the t^heory of leather formation and was one of the 
iirst to propound a chemical theory of tannage. He manifested a 
keen interest not only in theoretical aspects, but also in the practical 
si<lc of the leather industry, and took out several patents on alde- 
hyde and chamois tanning. He instituted the water -resistance 
test for leather wdiich is still known by his name. 

d Jettmar^** succeeded to W. Eitner as editor of Der Gerber when 
the latter retiied in 1910. He has been one of the most prolifi<ft 
eontriDutors to the technical knowledge of thoftrade and a most 
contribution from*his pen appeared in the early months 
of the yeafk. 
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SOAKINC^ AND LlipNG, ETC. 

More tfnd more eiiphasis is being placed on the importance of. 
the time which elapses between the slaughtering and flaying of the 
animal and the curing of the hide or skin, ortthe period before the 
hide is worked up by the tanner. Hitherto no systematic study 
has been made of the experimental evidence^ afforded by the curing 
process, but G. D. McLaughlin and E. R. Theis^* have remedied 
this defect. Curing with salt is a movement of salt into the hide, 
and water out. There are two processes of salt-curing, either with 
salt alone or salt solutions, the latter being known as brining. 
When hides are salted or immersed in a 25% solution of brine the 
hide, loses water. Of the three chief layers of the hide the adipose 
tissue is most dehydrated. The salt is adsorbed by the hide and the 
water is removed from the hide during the process, and the greater 
the dehydration, the greater the amount of salt adsorbed. There 
is no advantage gained by salting both sides of the hide, because 
the epidermis docs not absorb the brine very readily. “ The 
epidermis is primarily an organ of secretion and not of absorption.^' 
The crux of the problem of curing rests in the period which elapses 
between killing and salting. If the salting is delayed from one to 
six hours, the rate of diffusion of the salt into the hide is greatly 
reduced. If the hide is allowed to staijfl for varying periods of 
time before being salted, the salt content, after curing a hide 
containing blood, is lower than that of a hide / 1 : 0 m which the blood 
has been removed . The longer the delay the gftsater is the difference 
between the two. The difhision of the salt is hindered by the 
presence and condition of the blood, by post-mortem changes, and 
by the composition of the salt. Hides should be salted as soon 
as possible after they have been flayed. Before salting, however, 
they should be properly washed and brined to remove the blood 
and its effects, to secure a maximum absorption of salt in a minimum 
of time, to eliminate salt and iron stains,* and to minimise the 
effect of post-mortem changes which were shown to exercise 
such a serious influence on the swelling power of the pelt. 

The same authors have made a practical study of hide curing. 
They conclude that when heavy hides are properly washed and 
brined they produce more leather when tanned than if they had 
not been brined. Not only is more leather produced but it is 
thicker and firmer, and shows a minimum of salt and iron stains. 
Brined stock, hcfwever, requirbs sj^cial beam -house treatment. 
Inefficient washing or brining may be harmful rather than beneficial. 
The hides should be washed in running wrfter immediately aftej 
flaying, and then bribed for twenty -four hours in a 25% sodibifi 
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chloride solution, drained for* a few miAutes, and salted down with 
new salt. The brined stock should be given a “sharjf” liming 
to ensure the best results. Tb^ds is in accordance v^jth the practical 
experience of many ifcanners who have found that salted skins 
require very much sharper limes than fresh or dried stock. 

G. D. McLaughlin and G. E. Rockwell have shown that the 
hide contains many kinds of bacteria which exert varying^ offects 
upon it. Twenty-four different varieties were isolated from thirty 
short-haired hides, and their individual properties as regards 
suitability of different media for growth were ascertained. Experi- 
ments on hide pieces previously soaked for 72 hrs. in water, dextrose, 
and blood respectively before liming, have shown that the presence 
of blood in the soak liquor increases the number of gelatin-liquefying 
organisms present and results in a considerable loss in weight to 
the pelt. Dextrose appears to inhibit the action of gelatin-liquefy- 
ing organisms and the addition of 3% of dextrose to those liquors 
111 which there is a possibility of blood being present from the 
hides, checks the growth of gelatin-liquefying organisms. The 
presence of soluble proteins, a slightly alkaline^ medium, a warm 
temperature, the presence of oxygen and small traces of carbon 
dioxide were found to favour bacterial decomposition of the hide, 
whilst the absence of proteolytic bacteria, acidity, the presence 
of fermentable carbohydrates, a large excess of carbon dioxide, 
the absence of oxygem, and a low temperature tended to prevent it. 

B. S. Ijcvine records some experiments to find a method of 
soaking hides -which would result in a minimum loss of hide sub- 
stance, and which would, if possible, eliminate the prolonged 
})roeess ^f .unhairing, thus saving both time and chemicals. It 
has been shown that if hides are soaked in water which has been 
freed from air, the hair is loosened in a shorter period, and the 
number of bacteria per c.c. is less than under other conditions. 
If air is periodical!} oUbbled through the liquid, it becomes thick 
and difficult to filter, whilst the liquor left after unhairing in an 
atmosphere of carbon dioxide is clear and easily filtered. The 
experiments confirm the Walker-Bolton patents,*® in which soaking 
anci hair- loosening are effected without the use of the customary 
liming agents. 

Ht ference waw made last year *Ho the increasing use of lime liquors 
of a defiTute percentage or barkometer strength. There is additional 
evidence this year of such 9 graSual change fli procedure. 0 * 
Hichter ** j)ropo8es to^ unhair skins by placing them^ in closed 
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chambers containing a defirfitc amount of ammonia per cubic metre 
at 37 C . T . B . tfarmichael and W . H . Ockleston have patented 
the treatment (jf hides first with a O-f % solution of sodium^ sulphide, 
and then with a 0*5% solution of caustic soda. The hides may be 
either suspended or drummed in these liquors. Other patents for 
the unhairing of hides and skins include imniersion in liquid air,®* 
the use of dextrin, talc, essential oils, “ nerolin,” and maize starch 
powder in paints,®* and degreasing prior to depilation and protection 
of the flesh side against penetration.®® W. Rautenstrauch has 
made an addition to his previous patent®® in suggesting that liming 
liquors should be enriched with hide substance or similar albuminous 
matter to prevent loss of hide substance during the unhairing 
process. 

Dcliming and bating have been the subjects of much activity 
and painstaking research durmg the past twelve months. A few 
patents have been granted ; one to W. Savage*® for deliming with 
fuller’s earth or zeolites, anotht^r to C. H. Boehringer‘Sohn^® for the 
use of pure or crude saponified bile acids or their salts in combinatidn 
with other bating materials not containing bacteria or enzymes, 
for bating purposes. 0. Rohm®^ suggests the use of a solution of 
caustic alkali, alkaline-earth, or ^mmonia, which contains a salt 
of one of them, for treating hides. A neutralising agent is added, 
and pancreatic enzymes for bating purposes. The mixtui*e forms 
a combined depilatory and bating material for- hides and skins. 

The staff of the British Leather Manufacturers’ Research Associa- 
tion has entered very fully into the changes which take place in 
the skin during the soaking, liming, deliming, and bating processes. 
In the lectures delivered in the last month of the year, the Director 
described the result of their researches. Lantern slides prepared 
from photomicrographs showed the structure of hides and skins 
in the fresh, wet-salted, dry-salted, and dried conditions. It was 
evident from the slides that drying and drj^-salting cause the hair 
bulbs to curl under and this displacement was still apparent when 
the dry or dry-salted skins were soaked back. This would probably 
account for the difficulty experienced in loosening the hair oh 
dried skins. The salting of skins, whether dry-salted or wet-sail^, 
separates the fibres, and this is apparent both in sections of the 
cured skins and also sections of the skins after soaking. When 
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salted skins are soaked back, jthey are flicker than similar dried or 
fresh skins. This is, no doubt, due to the action of tl^ salt in 
having separated the fibres. Leather tanned from fresh, dried, 
and salted hides shows the ^ame differences in «tructure. The 
leather from salted hides is thicker than that from dried and fresh 
liides, and photomicrographs of the section reveal a better separation 
of tlie fibres in the leattier from salted hides. 

Dr. Pickard described the effect of various chemicals on sii^gle 
and skin fibres, and also on the whole skin and hide as revealed 
by the microscope. The effect on the whole skin is different to that 
on tlie individual fibre because of the skin structure. Acids and 
alkalis caused hide and skin fibres to become distended, and also 
\ cry much tliicker. The action on skins was determined by troa‘ting 
tli(‘ skin with the particular reagent, then toazhng out tlic fibres 
at the (‘dge of the skin and examining these. Slides were produced 
to {>how the effects. Caustic soda produced intense ])lumping of 
the fibres. Dr. Pickard distinguishes between “swelling” and 
‘ plumj)ing ” by describing “ swelling ” as the separation of the 
fibres and “ plumping ” as the absorption of water by the individual 
lihres with a consequent increase in thickness of shell fibres. Caustic 
soda plumps the fibres in the skin, acids cause plumping also, 
ammonia merely swells the fibres, ?.e., separates them, whilst lime' 
]jlum])H and swells. It was shown that every process is reversible, 
and various combinj^tions of aeid action after alkali action and 
rice verNo, gave the results which would have been expected from a 
consideration of the individual effects of the particular acid and 
alkali. 

The diffcTemee in the action of reagents on the skin and on the 
individual *fihr(^s was illustrated by a magnificent photomicrograph 
of Ili(^ bands encircling the bundles of fibres, also showing smaller 
hands encircling the fibrils in the individual fibres. One slide 
illuNt rap'd the strc'"^ or tension which existed in the bundle, and 
which tlu' band controlled. As soon as the fibre bundles were cut 
they spri‘.ad out. Bacteria in lime liquors arc very short-lived and 
contrary to general opinion, bacteriological action could not influ- 
cTvci the process in the liquor. Figures were quoted of a limeyard, 
whcr(^ fresh batches of skins passed through the same lime liquor 
cve^y twenty -four hours. At the end of the first hour the number 
of bacieriii per c.c. was considerable, but this number rapidly 
dimiiiibhed until it was insjgnifitfant when th# next batch ws^s 
bi i. light in. 

Piovisi'tnal rcports*have been circulated to members, with the 
folk ‘.wing titles : — 

5. The soakingi process ; liming process ; bating ; chrome 
tanning ; moulds in tan liquors. 

II- Action of sulphides and causti^ soda on skins. 
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7. Structural differences iin leather;, made from dried, raw and 
salted hides. 

8. Relation between colour and acidity in vegetable tanning. 

9. Report onU theory of chrome tanning. 

10. Structural characteristics of swelling and plumping. 

11. Effects of moulds and other micro-oj-ganisms on vegetable 
tan liquors. 

Dr. Pickard explained the chief features of provisional report 
No. 6. Both light leather manufacturers and others frequently 
have great difficulty in removing short hairs from skins after liming. 
Microscopical investigations show that sodium sulphide solutions 
dissolve thts hair outside the skin, and also attack the hair follicle 
near the hair root, but the portion immediately below the surface 
of the skin is not attacked, and hence arises some of the difficulty 
in unhairing. The Research Association has found that by treating 
the skins with a solution of caustic soda prior to the sulphiding, 
the action of the sulphide on the portion of the hair follicle immedi- 
ately below the surface of the skin is improved and the trouble 
arising from shorj hairs is minimised. 

The controversy around the subject of bating has become verj 
keen during this year. J. A. Wilson and G. Daub,®^ in a critical 
study of the bating process, state that th^ elastin is present in two 
layers of the skin between the epidermis and the hair roots, and in 
the flesh tissue. It is completely removed Vy 0*01% pancrcatin 
when the hydrogen ion concentration is ^^=7-5 — 8-5, and by 
0*1% pancreatin at — 8-5. . The rate of the removal of 

elastin from calf-skin depends on the concentration of enzyme and 
the time of digestion. A commercial bate was found jbo have no 
digestive action on elastin at any concentration, probably owing to 
the presence of too much woody fibre. J. T. Wood®* states that 
although the elastin is completely removed from the skins bated 
by trypsin for a sufficiently long time (aboht twenty-four hours), 
in practice the bating is not continued to this point, but is carried 
on for only about 2-6 hrs. The elastin is only partly removed ill 
this time, but the skins make good leather. He believes that it is 
not necessary, or even desirable, for the whole of the elastin to be 
removed or dissolved in order to let the skin down, but that it is 
sufficient for the elastic fibres to be broken up or weakened in order 
that the desired suppleness may be obtained. Dr. Pickard,** 
faking at the fectures delivered the Leathersellers’ Hall in 
[December, affirmed that bating did not remove the elastin but 
merely removed plumping and separated the fibres. Bating was 
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quite reversible and it was ijot neces^ry to destroy the elastin 
The encircling bands around the fibre bundles ^nd around ^he fibrih 
were not elastin, and their nature was, as yet, unknown, but they 
were apparently not effected l5y the bating procesft. J. T. Wood 
questioned whether from the point of view of bating the action oi 
swelling and idumping^was reversible. The Rohm and Haas Co.*’ 
have published several observations on the histology of bated skins 
All authors agree that the bating or puering process effects uhc 
deliming of the skins. The Rohm and Haas Co. agree with the 
views of Rosenthal, Wood, and Marriott that while the effect of the 
bate’s on the elastin is undoubtedly one of its important functions 
it is not yet established that it is the primary function of the bate 
the essential effect of the bate on the elastin fibres is probably 
something considerably short of complete digestion, while there 
is every indication that a function of equal importance is th( 
(iigo^ition and removal to some extent of the cementing or inter 
fibrillary substance. The Rohm and Haas C^o. have had a numbe: 
oI calf-skins and goat-skins limed, cut in half, one half bated with 
manure bates, and the other half with an enzyme bate ; sections 
of the treated halves showed that a considerable "amount of elastin 
was still present in both products. The results did not vary greatly 
between the enzyme bate and the manure bate. The attempt to 
remove all the elastin from calf- skins results in loose leather and 
considerable pipiness. A very fine series of photomicrographs is 
appended to the publication and the elastin fibres show up very 
clearly in all the bated specimens. 

Tanning, Tanning Materials, etc. 

I’liere have been no startling discoveries of new tanning materials, 
but several workers have drawn attention to many materials 
which are being overlooked. W. R. Atkin and K. H. Hassan®* 
have made a report on the qualitative and quantitative analysis of 
ten Indian tanning materials, viz., Tarwar (Cassia auriculata) 
bark, amaltas, sundri bark, mohani bark, goran, amla bark, itsha 
bark, babul, dhawa leaves, divi-divi pods, sumach leaves and 
pomegranate kernel, all of which contain useful amounts of tannin. 
The hemlock trees of the Western States of North America are 
repidly becoming exhausted and American tanners have been 
Compelled to look around for f^q^h sources oj supply. R. H^ 
Olark and H. T. Andrews have analysed numerous samples of 
fresh ly-cut ^western hepilock (Tsuga heterophylUi) bark and spruce 
(Sitka) baik. The taitnin content of freshly-cut western hemlock 
bark varied from 9*0% to 15*5%, and that of the spruce from 
• 
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12*0% to 17*5%, calculate^ on the c^y substance. A comprehen- 
sive surfoy of the < tanning resources of Western Australia was 
commenced in December, 1920, by the Forest Products Laboratory 
of the Institute of Science and lAdustry in Australia/ with the 
object of collecting information about Western Australian barks 
which might be suitable for tanning. Over 170 samples have 
been analysed.^® Karri bark (HJucalypt'us diversicolor) has an 
average tannin content of about 20% ; it tans quickly and gives a 
light-coloured leather. The manufacture of a karri tanning- 
extract has been commenced. 

One of the members of the staff of the Forest Products laboratory 
has reported on the possibilities of marri kino (Rod gum from 
Eucalyptus colophylla) as a tanning material. It contains 08-70% 
of matter absorbed by hide powder. It is very sparingly soluble, 
but it possesses an objectionable red colour and yields a brittle 
leather. There has been a proposaP-^ to manufacture a tanning 
extract by treating dry peat extract with weak alkali. J. A. 
Pilgrim^® has criticised the paper by B. B. Dhavale and fS. R. Das,P 
because they ground the goraii bark and then sifted it, whereas in 
practice the coarsely ground material always contains some fine 
powder, which is very rich in tarthin. The solutions extracted 
were not always of analytical strength^ and from corrections he 
has made it would appear that the 00-mesh material yielded most 
tannin. B. B. Dhavale and S. R. Das^® have found the optimum 
temperature for the extraction of tannin ffdm stmdri (Heritiera 
miruyr) bark of “ official size to be 65°-70^ C. 

A groat deal of attention has been devoted to the plumping of 
hides in the early stages of sole leather tanning. F. C. Thompson, 
K. Seshachalam, and K. H. Hassan^® have analysed different 
tanning materials under conditions of varying acidity. The 
results show that the time of filtration, colour, content of tannin, 
and insoluble matter, all vary considerably* with alterations in the 
hydrogen ion concentration. W. R. Atkin has made a theoretical 
study of the factors influencing the plumping of hides in tan liquors. 
He states that the hide combines with acids to form hide-acid 
compounds, which can ionise and so exert osmotic pressure, thus 
tending to cause the hide to swell. Neutral salts and solutions of 
tannins tend to repress the swelling, and he suggests that tanners 
should determine the total acidity, the hydrion concentration, 
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and the degree of swelling of hide powder in the tan liquors. E. C. 
Porter** prepared solutions of different hydritfn conccntre^^tions and 
showed that a maximum swelling of hide powder was obtained 
at Ph= 24, a minimum at ^h= 4-8 and a second maximum at 
^f,-^12-5. Porter has repeated his work this year*® and confirmed 
liis previous results. Jle has also determined the amount of hide 
substance dissolved at the different hydrion conccntraticn*^, and 
ho finds that there is practically no hydrolyses until the maximum 
of swelling is passed. Lc^ss than 8% of hide substance is dissolved 
hy decinormal solutions in 24 hrs. It is evident that there is very 
little hydrolytic action in the tan liquors. W. Moeller'^® has carried 
out a large number of determinations of the hydrolytic effects of 
lactic and butyric acids on hide substance, and finds that not more 
than 0% of hide substance is hydrolysed by N {2 solui^ions of 
lactic acid in four weeks, and 4-6% by N j2 solutions of butyric 
acid E. C. Porter has devised the following test for determining 
the swelling power of tan liquors : 0*5 g. of hide powder (30-60 
mesh) is placed in a 120 c.c. graduated flask, so devised that it 
has a long neck graduated in one-temth c.c. to accommodate the 
last 20 c.c. The hide powder is eovered with lOOc.c. of the tan 
liquor to be testt'd, the flask stoppered with a rubber stopper, 
shaken at intervals and allowed to stand 24 hrs. After this, the 
flask is inverted for 2 hrs. to allow' the swollen hide to settle down 
into the neck. Thq flask is smartly tapped on the bench for 
30 sees., and the volume of swollen hide powder is then read off and 
conqiarcd w'ith that given by other tan liquors. 

A committee®^ of the American Leather Qiemists’ Association 
luis r(‘p*»rted on the modified Claflin method** for the direct measure- 
im iil of the plumping powder of tan liquors : 10 g. of hide powder 
is shaken for 10 mins, with a measured volume of the tan liquor, the 
contents transferred to a funnel plugged with absorbent cotton- wool, 
and the filtrate collccled in a graduated cylinder. At the end of 
40 mins., when the dripping has ceased from the filtration, the 
volume of the filtrate is noted and the difference between the volume 
<jf tan liquor taken and the filtrate obtained is a measure of the 
plumping power. 

The colour of tan liquors has been shown by J. A. Wilsoil and 
E J. Eem ** to be influenced by their acidity. They prepared 
tan liquors from gambier and quebracho, and found that both had 
the same colour at pH=3’0,|unles*s previously eftsposed to the aif. 
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The change in colour of th^se tan liq^iors with varying acidity 
found tothe complete^iy reversible if the liquors had not been exposed 
to the air for a time. .Dr. Pickard reported on certain tests in this 
connexion at the lectures®® deliverea in Decepiber, on behalf of the 
British Leather Manufacturers Research Association. Solutions 
of different tanning materials were prepared, the solution of each 
material divided into seven portions, and the hydrion concentrations 
of these adjusted to to thus forming a series. A 

series of piec/cs of pelt of similar pn values were procured and tanned 
in the solution of the same pn value. The results showed that the 
colour of the finished leather depended on the pn value of the tan 
liquors. If it was less than Ph~ 4 the finished leather was very 
dart and again when the tan liquor was slightly alkaline Ph= 8. 
The line of demarcation between bad colour with excessive acidity 
and good colour was at the same pu value for all the different 
materials, and it was reported that the Leather Manufacturers’ 
Research Association had proposed the use of a special indicator, 
to enable tanners to determine the correct and most suitab^. 
acidity for their tan liquors. 

G. Vie®* points out that chestnut wood contains acetic acid 
which is volatilised during the evaporation of the wood extract, 
and can be recovered by passing the vigours through a scrubber 
containing sodium carbonate or milk of lime. It is possible to 
recover 13 lb. of acetic acid for every 100 lb.# of extract produced. 
A. Harvey®’ has summarised the different purposes to which spent 
tanwood waste can be put. It can be distilled to yield acetic acid, 
mixed with lead nitrate and lime to form briquettes, mixed \^th 
bitumen to produce a roofing material, employed in paper-making, 
the manufacture of oxalic acid, wood tar, charcoal, and methyl 
alcohol, and for the reduction of bichromate for one-bath chrome 
tanning liquors. 

K. C. Srinivasan®* has analysed numerous samples of the bark 
of South Indian wattles (Acacia decurrens), showing tans 39-3-- 
44-1% and non-tans 7*1-1 3-0%, which compares very favourably 
with the wattle barks of Australia and Africa. The optimum 
temperature of extraction is 60° C. ; the tannin content increases 
with the age of the tree and leather tanned with it is soft and pliable. 

Several patents have been granted for the production of tanning 
materials from waste sulphite-cellulose lye®* and from vegetable, 
tanning materials^by condensing witR sulphqnic acids of aromatic^ 
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hydrocarbons,®® and improved apparatus has been devised for 
extracting and concentrating tanning materials.®^ F. Langford®* 
mixes the wood of Sesquoia sempervirens with aluminous earths 
and water, treats with^sulphui gases, and obtains a tanning material 
by further treatment. H. C. Reed®® finds that the ‘presence of 
calcium sulphate in water used for extracting tanning materials 
results in a slight loss ot tannin, but the non-tans are not increased 
to the extent that would be expected. Analyses show a loss in 
tannin, but an increase in insoluble matter which may not mean a 
loss of tannin in actual practice. There may be a loss, however, 
owing to the repressive action of the dissolved salts upon the 
swelling of the hide. 

Synthetic Tans. 

A large number of patents have been granted during the year for 
the manufacture of new and improved synthetii' tans. Gerb- und 
Farbstoffwerke H. Kenner u. Co.*® oxidise sulphonated and con- 
densed derivatives of cyclic hydrocarbons or phenols or acid resin, 
by means of potassium bichromate. H. Kenner and W. Moeller®* 
use coumaronc-resins as the raw material for ^ulphonatioii and 
condensation. Acid sulphites are allowed to react below 100° C. 
on aromatic hydroxy-compoui.ds^n the presence of formaldehyde."® 
T)i- and polyhydroxybenzenf^s, their homologues and substitution 
l)ro(lucts containing at least one free para-position to the hydroxyl 
group, can be condensed with acetaldehyde or formaldehyde to 
form soluble tanning agents.®^ Aryl alkyl ethers, derived from 
halogenated aliphatic hydroeaij3ons containing 10 carbon atoms, 
by treatment with phenols or naphthols, can be sulphonated to 
produce o soluble synthetic tan.®* Heavy coal-tar oil, tar phenols, 
phenol, creosote, etc. may be sulphonated, condensed with formalde- 
hyde, neutralised, and mixed with chromium, iron, or aluminium 
chlorides,®* or the neutralisation may be effected by means of 
compounds of alummium or chromium or both,’® or with com- 
pounds of other heavy metals.’® Naphthalene and other poly- 
cyclic aromatic hydrocarbons and carbazole have been sulphonated 
and condensed with glycollic acid to produce a tanning agent.’® 

‘"’K.P. 148,897 ; J., 1922, 224a. 

KV. 178,138-9 ; J., 1922, 476a. 

' U.H P. 1,390,796 ; J., 1922, 782a. 

J. -4tn€r. Leather Chem. Assoc., 1922, 17, 26 ; J., 1922, 150a. 

E.P. 146,167, 146,182 ; J., 1922, f85A. 

*'E.P. 148,750; J., 1922, IsA. 

K. n. Jj54,162 ; J., 4922, 263a ; E.P. 154,153 ; J., 1922, 303a. 

(hP. . 44,033 ; J., 1«22, 427a. 

(>.P. 344,878 ; J., 1922, 427a. 

K.P. 150,749 ; J., J922, 476a. 

’®K.P. 156,254 • J., 1922, 602a. 

’®E.P. 156,670; J., 1922, 774a. 

’*E.P. 158,521 ; J., 1922, 775a. 



350 


REPORTS OP THE PROGRESS OP APPLIED OHEMpTRY^ 

R. B. Croad, G. E. Knowl^^, and h\ M. McArthur and Co., Ltd.” 
have pationted the c<tndensation of 2 mok. of an aromatic hydroxy 
compound with 1 mol. of formaldehyde in presence of an oxide, 
hydroxide, carbonate, or bicarbonate of an alkali or alkaline-earth 
metal, ammonia, or a salt of a strong base with a weak acid. The 
product is sulphonated and may then be further condensed, if 
desired. 

A very pleasing feature of this year in connexion with synthetic 
tans has been the widespread efforts to enlighten the leather trade 
as to the possibilities and effects of the use of these new materials. 
G. E, Knowles read a paper on “ Synthetic Tannins and their uses 
in Leather Manufacture ” before the North-Western section of 
the Society of Leather Trades Chemists.’^ He emphasised the im- 
portance of securing the light product free from excessive content 
of sulphuric acid and also the failure of the official method of 
tannin analysis as a method of testing the taiming properties of 
synthetic tannins. He urged tanners to judge sapiples by pelt 
tests in 1-5% solutions of the synthetic tannin. S. Kohn, J. 
Breedis, and E. Crede divide synthetic tannins into “ combina- 
tion and “ adsorption ” tans. Some contain compounds which 
combine chemically with the hide substance, but the products 
are not very stable or insoluble,* and ^low a lower resistance to 
washing. The definition of “ combination ” tan should include 
some limits of stability and insolubility of the compound with 
collagen. The tanning value of synthetic tannins lies more in the 
increased efficiency they produce in vegetable tannins with which 
they are mixed than in their own* tanning power. The acidity of 
the solution greatly influences the state of the tannin. At zero 
acidity the whole of the tannin is present as “ adsorption tan,” 
at the correct acidity as “ combination tan,” because the sample 
does not then contain any sodium sulphonates which follow the 
law of adsorption. 

Mineral Tannages. 

Very little progress has been made in regard to the general 
procedure in tanning with chromium salts. The leather section 
of the C.W.S. Research Dept., Manchester, has published numerous 
papers on chrome tamiing which are gradually revealing the nature 
of this process. A. Glover and G. Martin ” have patented the use 
of dried whey ^or reducing mixtures of bichromates and acid, 
whilst D. Burton and A. Glover” haVe patented the use of tea-dust 
as a reducing agent in the manufacture of one-bath chrome tanning 
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liquors. The use of an alkali or alkalkie-carth carbonate in con- 
junction with an alkali or alkaline-earth salt of the loyer fatty 
acids for neutralising chrome-tanned leather prevents over -neutrali- 
sation.’® A similar i^ixture has been found suitable for iron- or 
aluminium- tanned leathers also.’® A patent has been granted®® 
during the year for the^tamiing of hides with ferric salts dissolved 
in solutions containing formic acid. Formaldehyde and sulphite- 
cellulose extract may also be added. I). Burton®^ has made several 
valuable studies on the chrome-tamiing process. He draws atten- 
tion to the influence exerted by the initial basicity figure, age, 
teiuj)erature, rate of increase m strength, and rate of neutralisation 
of the liquor on the feel of the resulting leather. The acidity of 
th(^ liquor affects the boiling test and is influenced by the presence 
of neutral salts. “ Ageing ” improves the leather. The pioperties 
of a leather depend on the condition of the fibre at the moment of 
lixafion of the chromium, the nature of the salt on the fibre, the 
kind of combination with the pelt and the mechanical treatment 
used for softening the leather. In a further study,®-* D. Burton 
discusses the swelling power of a chrome liquor and confirms the 
fa\ourable influence exerted by organic substances in it. A. M. 
Hey®® has tanned pieces of pelt with formaldehyde solutions at 
diff(‘rent Ph values. Alkali is not necessary, but the tannage 
proc(‘(‘ds most satisfactorily if the pelt is slightly alkaline (Ph= 7’8), 
and the formaldehycie solution pu-”7*2. 

Tlicre have been a few additions to our knowledge of tanned 
leather. More even dyeing o| glace leather can be ensured by 
])r(!\iously mordanting with gambler neutralised with borax.®* 
Tanning oils and fat-liquoring agents have been prepared by mixing 
plu^nol and resins obtained by distilling hydroxy-fatty acids.®* 
W. Moeller®® has described the action of hot water on various types 
of leather. Leathers of low-resistance to water yield a large amount 
of soluble gelatino'u.. matter. Iron-taimed leathers®’ have a very 
small water-resistance figure, over 95% of the hide substance 
being hydrolysed in one case. Leathers tanned with synthetic 
fMiis®® are much less resistant to hot water than vegetable- or 
mineral -tanned leathers and are similar to formaldehyde-tanned 
leathers. The British Leather Manufacturers’ Research Association 
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’M' P. 353,131 ; J., 1922, 774a. 

U.V. 349,363 ; J., 1922, 64^a. ' 

** J. Soc. Leather Trades Chem., 1922, 6, 157 ; J., 1922, 611a. 

Ibid 1 1922, 6, 226*: J., 1922, 640a. 

““ IbUL, 1922, 6, 131 ; 1922, 476a. 

®*bl.P. 346,694 ; J., 1922, 249 a. 

G.P. 354,165 ; 1922, 774a. 

®®Z. Leder. u. Gerb.-Chem,, 1921-2, 1, 47 ; J., 1922, 185a. 

Ibid., 1921-2, 1, 166 ; J., 1922, 426a. 
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hav6 isolated the chromiu^i salt wlijich is the active tanning ageht > 
in chronic tanning. ♦> They find that it can exist in two isomefio 
forms, one of which forms chrome soaps, which are responsible for 
50-90% of th%> spues on chrome ‘leathers. P. Hampshire*® has 
classified the different spues appearing on leathers, and describes 
one spue caused by sodium sulphate, whicli he was able to dissolve 
out of the leather and reproduce on an unaffected piece of chrome 
leather. 


Analysis. 

The analysis of tanning materials and the analysis of leather are 
subjects of much agitated discussion at present. The degree of 
acidity has a very important influence on the colour, absorption, 
and effects of a tan liquor and its accurate determination is a 
matter of urgency. The Procter lime-water method is no guide 
and the pu value is a safer guide. H. 0. Reed and T. Blackadder*^ 
recommend the Claflin method®* for measuring the plumping value 
of tan liquors. F. L. Seymour- Jones®* has experimented wit^ 
baryta as a substitute for lime-water in the Procter method, but 
finds <no advantage. A committee of the American Leather Chem- 
ists Association®* propose the use of a modified immersion type of 
colorimeter for measuring the colour ^ tannin solutions. The 
official method of tannin analysis has%een subjected to severe 
criticisms, but further work has confirmed the opinion of many 
that it is a very good method in general, 'only requiring minor 
modifications to improve it instead of the drastic revision suggested 
by J. A. Wilson and E. J. Kem.*''* A. W. Thomas and M. W. 
Kelly®* have shown that gambler solutions give a steady increase 
in adsorption with increase in the concentration of tannin solution 
used, w^hich fact is used by G. W. Schultz*’ to controvert the Wilson- 
Kern proposals. Continental chemists are dissatisfied with the 
present official method of tannin analysis. J. Schneider®* advocates 
the use of aliquot weighed portions of all solutions instead of 
measured portions. Dry chromed hide powder gives good results. 
L. Poliak®® has modified the official shake method by using double 
and treble detannisations, a longer period of shaking, and a larger 
amount of hide powder, and by the filter bell method. The shake 
method with two detannisations gave a higher percentage of tans 

•* Bureau of Bio-Technology Bull. No. 6, 1922. 

J. Amer. Lec^her Chem. 1922, 17, 109 ; J., 1922, 302a. 

•* Loc. cit. ^ 

J. Soc. Leather Trades Chern., 1922, 6, 393. ^ 

J. Amer,. Leather Chem. Assoc.^ 1922, 17, 20C ; J.^ 1922, 476a. 

** Ann. Repts.f 1921, 6, 

** J. Ind. Eng. Chem., 1922, 14, 292 ; J., 1922, ^383a. 

^ J. Amer. Leather Chem. Assoc., 1922, 17, 348 ; J., 1922, 641a. 

»* J. Soc. Leather Trades Chbm., 1922, 0, 234 ; J., 1922, 641a. 

** Collegium, 1922, 126 ; J., 1022, 773a. 
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than the official shake method* He concludes that the official shake 
method gives less than the true tannin conte:it, and the filter bell 
method more. V. Kubelka and F. Berka^®® advocate the ro^adoption 
of the filter bell method, but it is extremely unlikely that their 
arguments will have dny effect. H., C. Reed and T. Blackadder^®^ 
consider that the detannisation would be more complete if the’ 
solution was acidified >^ith formic acid, loss powder was employed, 
and it was shaken for a longer period of time with a stronger solution 
of the tannin. F. C. Thompson^®^ has made a valuable suggestion 
for estimating the soluble matter of tannin solutions by allowing 
the insoluble particles to settle out and then evaporating 50 c.c. 
from the upper layer of the liquor. This includes as soluble matter 
partiedes below a certain size, but eliminates the uncertainties of 
nitration, and the personal factor in judging optical elearn'^ss. 

Two important factors- in the analysis of vegetable-tanned leathers 
I’.ave been the subject of much discussion this year, viz., the extrac- 
tion of oils and fats and the determination of the water-soluble 
matter. The discrepancies between the amount of extract removed 
from leather by chloroform and petroleum spirit, have been found 
to exist in chrome tanned leathers,^®® and British chemists have 
l)(um strongly urged to adopt chloroform as the official solvent for 
extracting oils and greases. Members of a committee of the 
American Leather Chemists Association, however, have extracted 
^-a!-io^ls leathers with petroleum spirit and then with chloroform, 
and 01 dy about 25 %* of the chloroform extract has proved to bo 
fat.‘"^ They incline to the opinion that the error involved in using 
chloroform is greater than that caused by the inefficiencies of 
])(‘tr()loum spirit. A. M. Hey’®® shows that the presence of moisture 
in l(nither greatly affects ’the amount of extract obtained ; the 
inti lienee is more apparent in the case of chloroform. G. W. 
Siduiltz’®® has summarised the present jiosition very fairly by 
stating that petroleum spirit extracts too little, and chloroform too 
much, and he suggests two extractions, one with each solvent, 
if necessary. The last word has not been said, however, on the 
sn])je(‘t for there is evidence to confute some of the arguments 
mlvanced by the advocates of petroleum spirit. 

A committee’®’ of the French section of the Society of Leather 
Trades’ Chemists has proposed a new method of determining the 
M ater-soluble matter in a vegotable-tamied leather, in which 5 g. 

CoUngium, 1922, 85. 143, 167 ; JF., 1922, 773a. 

./. Soc. Leather Trades ChSn., 1922, 6 , 

J. ^ner. Leather ^hem. Asaoc., 1922, 17 , 158 ; J., 1922, 336a. 

J. toe. Leather Tmdea Ckcm., 1922, 6 , 97 ; J., 1922, 303a. 

Amer. Leather Chem. Assoc., 1922, 17 , 292. 

’Vt* .7. Soc. Leather Trades Chem., 1922, 6 , 386. 

Ibid., 1922 6 389. 

J. sU Lmuler Trades Chem., 1921, 6 . 313 ; J., 1921, 869a ; 1922, 
8. 302 ; 1922, 907a. 
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of rasped leather is extracted with^j250 c.c. of distilled water for 
16 hrs. 8 (t the ordintfry temperature. W. J. Chater and D. Wood- 
roffe'®® have shown- that after the water-soluble matter has been 
extracted from'Vegotablc-tanned leat^hers by |he “ officiar*’ method, 
there still remains an additional 10-30%, which can be removed by 
further extraction. A committee of the American Leather Chemists 
Association* has reported on the determination of water-soluble 
matter in leather and advocates extraction at a lower temperature, 
25° C. 

There have been attcmipts in certain quarters to discredit the 
results obtained by tlie chemical analysis of leather on the grounds 
that it is inaccurate and very variable. The chemical analysis, 
however, is the most consistent property of leather. Mechanical 
and jihysical tests arc much more variable. If leather is properly 
sampled the results are very reliable, as Jl.. C. Bowker and E. L. 
Wallace^*® have show'n. L. Jablonski*^* states that no portion of a 
side is an average of the whole. 

The determination of free mineral acid in leather requires modih- 
catiop since synt^jis and sulphonated oils contain sulphonic groups 
which are reported as free mineral acid by the Procter-Searle method. 
C. van dor Hoeven*^^ recommencls extracting a weighed quantity 
of finely-divided leather with sodium ^ihydrogen phosphate for 
some hours. The total 8 O 4 is estimated in the extract and neutral 
sulphates in the ash. W. R. Atkin^*** states ihat sodium chromate 
is formed whem the Procter-Searle method of determining free acid 
is applied to chrome leather and the error is corrected by titrating 
the sodium chromate with sodium hydroxide and making a correc- 
tion. D. Burton, A. Glover, and R. P. Wood'*^ have evolved a 
new method of determining the basicity of chrome tanning liquors 
by oxidising a known volume of the liquor with hydrogen peroxide 
and 25 c.c. of A/1 sodium hydroxide. The oxidised solution is 
diluted and part used for the chromium determination and part 
for the acidity. The method obviates the adsorption of sodium 
hydroxide by the precipitated chromium hydroxide. D. Woodroffo 
and R. E. Green'^® have devised a modified method of determining 
the amount of alkali salts in chrome leather, which is ashed, treated 
with strong sulphuric acid, the excess evaporated off, the residue 
ignited, the soluble sulphates extracted with boiling water, and 
estimated with barium chloride. 

J. Soc. Leather Trades Chem,, 192^, 6, 247 ; J., 1922, 828a. 

J. Arfier. Leather Chem. Assoc., 1922, 17, 22,0 ; J., 1922, ^47Ca. 

Ibid., 1922, 17, 217 ; J., 1922, 470a. ^ 

*** Collegium, 1922, 53, 96 ; J., 1922, 773a. 

Ibid., 1921, 468 ; J., 1922, 68a. 

»»./. Soc. Leather Trad^es Chem., 1922, 6, 89 ; J., 1922, 303a. 

Ibid., 1922, 6, 92 ; V., 1922, 302a. 

Ill* Ibid., 1922, 6, 222; J., 19*2, 641a. 
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Theory of Tanning, et(?. 

There is very liitle to report on the cheniisti*) #)f the tannins. 
The work of E. Fisdier is being epnsolidated and supported by 
fresh investigations on natural taimins.^® A crystalline tannin 
has been isolated”’ fr8m the loaves of Acer ginnala, and named 
acertannin CiooHgoOig. It has been hydrolysed into gallic acid 
}ind aeeritol, and is probably a sugar ester. K. Ereudenberg and his 
jnipils have continued their investigations and have succeeded in 
liydrolysing numerous natural tannins by means of tannase, the 
preparation of which from growths of A^spergillus niger they have 
cfin^fully described.”® By its aid they have hydrolysed chlor ;gfenic 
acid, isolated a new sugar from hamameli- tannin, and investigated 
ih(* tannins in chestnut and oak. They have also reduced 
tiax’anone and isolated various stcTeoisomeric catechins.”® K. 
]^'r(‘udenberg and E. VollbrechF-® have isolated a tannin from 
(airman oak, which contains 23 -25% of combined ellagic acid, 
and 5% of combined dextrose, and an amorphous acid, qnerciissic 
acid. K. I^'reudenberg and W. Scilasi'-* have c-onfirmed the doubts 
as to the homogenenty of C/him^se tannin. 

Numerous workers have studied the reaction between tannins 
and g(‘latin and pelt or hide substance. A. (J. Brotmaid^^ finds that 
th(‘ amount of formaldehyde fixed by gelatin depends on the 
cnn(!(‘ntration of the jelly. 0. Gerngross‘-‘* claims that the influence 
of f()rma]d(‘hyde on the adsorption of alkalis by hide powder proves 
there is a chemi(;al change in tanning. W. Moeller explains 
away this influence and affirms his adherence to a colloidal theory 
of tanning. W. Moeller'-® has also shown that the absorption of 
tannin by hide powder is independent of the concentration and 
volume, and de])ends merely on the absolute amount of tannin 
})r(‘sent. A. W. Th^^mas and M. W. Kelly^'^* have determined the 
time and concentration factors in the combination of tannin with 
hide substance for quebracho and gam bier. Quebracdio showed a 
maximum, but gambier gave a steady increase of absorption 
Hith the increase in the concentration of tannin solution used. 

Tmns. ahem.. Soc., 1922, 121 , 23 ; J., 1922, 184a ; Helv. Cfmn. Acta, 
5, IU8 ; J., 1922, 184a. 
fb^d.. 1922, 121 , «« ; J., 1922, 184a. 
i^ollcgium, 1921, 498 ; J., 1922, WIa. 

"" Her., 1922, 65, 1734, 1748 J., 1922, (lOlA. 

f/n(f.*1922, 65, 24^0 ; J., 1922, 90()A. 
llm.. 1922, 56, 28W *, J., 1922, 90ttA. 

S^oc.. Leather Trades Ghem., 1921, 5, 363 ; J., 1922, 25a. 

(Collegium, 1921, 489 ; J., 1922, 149a. 

Z Leder- u. (Jerh.-Chem.p 1921-2, 1 , 54 ; ,/., 1922, 337a. 

Ibid., 1921-2, 1 , 28 ; J., 1922, 184a. 
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D. Burton and his^ co-worV^rs'” have shown that neutral salts 
retard thV» penetratidh of the chromium into the pelt, and raise d 
the basicity of the liquors. F. C. Thompson and W. R. Atkin'** 
suggest the exff?tenoe of a negatively charged colloidal complex 
in chrome tanning solutions, which would bring the ex- 
planation of chrome tanning into line wjth that of vegetable 
tanning, viz., the combination or co-precipitation of the positively 
charged collagen by the negatively charged colloidal tanning 
material. 


Gelatin, Glue, etc. 

W. Moeller’^e tanned gelatin with formaldehyde, quebracho, 
and chrome tanning liquors, and finds that part of the gelatin is 
coagulable, and part remains in solution. A Scala^^® finds that 
salts are absorbed by gelatin up to a maximum and independent 
of the presence of other salts in the solution. R. Wintgen and 
H. VogeP^' have investigated the gelatin -hydrochloi^ic acid equili- 
brium and conclude that gelatin acts as a mono-acid base of molecu- 
lar weight 885 ; )8#glutin behaves similarly and has about one-half 
the molecular weight. 

A. Kuhn'’*^ states that the swelling of gelatin in solutions of 
acids reaches a maximum at lower conc(mtrations with strong acids 
and higher concentrations with w'eak acids. The swelling is the 
result of hydration, sol formation, hydrolysis, dehydration, and 
precipitation. W, Moeller'*® has confirmed Kuhn’s work and finds ' 
that some acids, notably butyric acid, cause a diminution in the ’ 
amount of hydrolysed gelatin. The swelling and hydrolytic 
effects of mineral acids differ from those of organic acids, and the 
action of acetic acid differs from that of lactic and butyric acids. 
H. G. Bennett^ maintains his lyotrope theory of swelling, but 
the evidence against his views seeins overwhelming. R. H. Bogue'** 
re-states his theory as to the fibrillar structure of gelatin-water 
systems and quotes evidence in support of it. D. J. Lloyd'** has 
shown that hydrochloric acid decreases the gelling power of gelatih, 
which passes through a maximum at Ph— 2— 3. Sodium hydroxide 
slightly decreases the gelling power between Ph= 10 — 12, and 

J. Soc. Leather Trades Chem., 1922, 6, 6 ; J., 1922, 149a ; 1922, 6i 
167 ; J., 1922, 511a. 

Ibid., 1922, et 207 ; J., 1922, ‘oBOa. 

Leder- u. (krb.-Chem., 1921-2, 1 , llO ; J., 1922, 303a. 

180 Ann. d'lg., 1921, 8, 289 ; J., 1922, 150a. 

Kollmd-ZeiU., 1922, 80 , 45 ; J., 1922, 160a. «' 

Kolloid-Chem. Beih., 1921, 14 , 147 ; J., 1922, 111a. 

, Z. Ledcr- u. Oerh.-Chem., 1921-2, 1 , 160, 183 : J., 1922, 660a. 

18* J. Soc, Leather Trades Ghem., 1922, 6, 223 ; J., 1922, 641a. 
wo J. Amer. Chem. S(t^, 1922, 44 , 1343 ; J., 1922, 660a. 

'«• Biodiem. J., 1922, 18 , 630 ;♦ J., 1922, 907a. 
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jompletely prevents gelation, above thpt figure. S. E. ^eppaid, 

3. S. Sweet, and A. J. Benedict"’ find that the^igidity of d^nuneral- 
Lsed gelatin jellies is not much affected by changes in hydrion 
Concentration, but th^ addition of sraaU amounts of potash alum 
has a marked effect ; this agrees with the results of A. Gutbier, 

E Sauer, and F. Schelling.'" Bone glue is not so sensitive to the 
influence of the addition of alum. The clarification of _<);luc is 
always accompanied by a deterioration, as shown by a decr^ce 
in tlie viscosity. J. and K. F. Locb"* divide colloidal solutions 
into those which are easily precipitated by small quantities ol 
neutral salts and others which require larger quantities. Casein 
dissolved in caustic soda solutions belongs to the -second tjrpe 
gelatin to the first typo. 'Tlic swelling and viscosity of gelatir 
solutions'" increase with a decrease in silica content, owing to a 
change in hydrion concentration. They reach a maximum at 
j)i, 8'.') ; the jelly consistence is solid between jiH=4-7 and pa— S-0, 
soft at pu=8‘-'i> *M'd liquid at Ph=9-0. 

Prior to 1914 the glue pieces from large Indian tanneries were 
worked up in Germany, but the war interfered \vith this and the 
(ioveniment sought to establish a glue industfy m India 
Thi) difficulties were many, the temperature was troublesome, both 
for setting purposes and for obviating putrefaction. G. J. Fowler, 
K (■ Srinivasan, and V. S. Chinnaswanffi“ have determined the 
concentration of acid in glue-liquor which prevents the growth of 
liquefying baeteria. The addition of phenol or fonnaldehyde to 
tlu‘ glue-liquorprevents putrefaetion, but not the growth of moulds. 

E T Oakes andC. E. Davis^^^'have described a “ plunger method 
of measuring gel-strength, in which a plunger is attached to the 
umlor-side of a balance-scale pan, on which is placed a beaker. Ihe 
whole is counterpoised and water added to the beaker until the 
jflungcr is forced into the gel placed below. The maximum ge • 
strength coincided in pn value with the maximum increase m vis- 
cosity. Bata wore obtained in favour of the gelatin-acid combination 

thi^ory. 0. B. Davis, E. T. Oakes, and H. H. Browne'" fM that 
tlic maximum viscosity of gelatin solutions is reached at pn— 
at 2.')° C., and after solutions have stood 24 hrs. The density 
of a gelatin solution can be expressed in g. per c.c. by the density 
of water at the same temperature, plus (a: x 0-0029) where a m the 
percentage concentration of gelatin by weight, h . A. E lo an 

• A 


J. Amcr. Chem. Soc., 1922, %4, 1867 ; J., 1922, OOSa. 
KolUdd-Ztits., 192?, 30. 376 ; J., 1922, 601a. 

J. f.cn. Physiol, 1S21, 4, 187 ; J., 1922, 69a. 

J. Ind, Eng. Chem., 1922, 14, 32 ; J., 1922, 26-a. 

J. Indian Inal S^., 1921, 4, 107 ; J., 1922. 426a. 

J. Ind. Eng Chem., 1922. 14, 706 ; 

J. Amer. Ohem. Soc., 1921, 48, 1626 ; J., 1921, 898a. 
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S. E. Sheppard^ describe pperimeiifcs on the determination of the 
gold vahie of 17 difftsront commercial gelatins. 

Numerous patents^^® have been taken out for making glue and 
gelatin, which Vefer chiefly to impi^ovcd apparatus for extracting. 
A liquid gliie is ])rcpared by® mixing glue with an alkaline-earth 
silicate or thiourea.^ 


Ind. Entj. Chnti., 1921, 13 , «90 ; 
ir)(>,()4r> ; .7., 1022, ()02 a; K.r 
351,243; J., 1922, r>()lA ; U.S.P. 1,421,920 
J., 1922, 809a ; K.l^ 150,040-7 ; .7., 1922, : 
U.S.P, 1,394,053-4 ; J., 1922, 800a. 
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By H. J. Page, M.B.E, B.Sc, A.l.C, 

Chiof Chemist, Rothamsted Experimental Station, Harpenden. 

In this report, attention will be mainly confined to fertiliser and 
soil questions which arc likely to be of direct interest to the technical 
ngrieultural chemist dealing with practical ])roblerns ; as in f >rmer 
years, the more theoretical aspects of the subje(;t arc discussed 
in t lie Beport to the Chemical Society. 

During the past year the financial depression in the agricultural 
industry, of which signs were already evident in the previous year, 
Ins become markedly accentuated. Indeed, it is no exaggeration 
to say tliat the crisis bids fair to equal in severity that through 
which British agriculture passwl in the eighties. Tlie severe 
slump in the wholesale ])rices of agricultural products, which has 
not been accompanied by an equal fall in the prices which the 
farnuT has to ))ay for his feeding- stuffs and manures, has brought 
larg(‘ niimb(‘r of farmers to bankruptcy ; those who escape this fate 
ar(‘ largely laying doVn «arable land to grass, and restricting their 
(‘xjieiiditure in. every possible direction. Apart from the larger 
ecionomie aspects of the crisis^— of the gravity of which evidence 
is afforded by tlu; appointment by the Government of a Depart- 
m(‘ntal Committee to “ inquire into the methods of selling and 
distributing agricultural, horticultural, and dairy produce,” and 
a “ Tribunal of Investigation ” to inquire into the methods 
which have been adopted in other countries during the last fifty 
years to increase the prosperity of agriculture, and to secure the 

fullest possible use of the land for the production of food, 

afid to advise as to the methods by which these results could be 
*u'hieved in this country,”* — ^the direct effects on the fertiliser 
industry are likely to bo considerable. 

Fertilisers. 

1'he results of modern expcrimeifts on the use qf fertilisers neces^ 
sarily call for critical consideration in this connexion. 

In this jforiod of enforced economy, the pronouncement of Lawes 
during the last period of depression, that “ high farming is no 
remedy for low prices^” was bound to be recalled. Lawes’ dictum 
V as based on the results of Rothamsted experiments, which showed 

’ See The Times, Dec. 12, 1922. 
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that, for the dressings of fertilisers Vsed in these experiments oh 
wheat, the extra return obtained by the use of an increased amount 
of fertiliser, although profitable in a period of high prices, was 
not sufficient ifct balance the increa*sed cost ^of the larger dressing 
in a period of low prices.^ Im the discussion at the Hull Meeting 
of the British Association (joint meeting ^of the Economics and 
Agriculture Sections), and in the subsequent correspondence in 
the press, this fact was used by the ujDholders of the view that the 
farmer’s only remedy at the present time was to draw in his horns, 
to lay arable land down to grass, and generally to scale down 
production to a low level. That this view is not necessarily a sound 
one, in the light of more recent work, is maintained by Sir E. J. 
Russell,® who points out that the fertiliser dressings applied in the 
experiments used by Lawes in support of his contention were all, 
even the smallest, much larger than would be used in practice, 
even in most intensive farming, and the results are therefore not 
really applicable. Recent results with smaller dre^isings of fer- 
tilisers, within the range of those used in practice, seem to indicate 
that, so far from gradually falling off from the outset in accordance 
with fhe law of didiinishing returns, the increase in ])roduce obtained 
from one moderate increase in the ^amount of fei-tiliscrs used, is 
less than that obtained from a further equ^l increase in the dressing ; 
in other words, if yield is plotted as ordinate against amount of 
fertilisers applied, as abscissa, the initial pa^^ of the curve bends 
towards, and only later does it bend away from, the axis of ordinates. 
This is a very interesting point, which, if definitely established, 
may have most important effect on the economic utilisation of 
fertilisers ; the results of further experiments on the matter will be 
awaited with great interest. 

J. Hendrick^ has published a useful discussion of the fertiliser 
positions before, during, and since the war, including statistics of 
production and consumption. It is perhaps not sufficiently gener- 
ally realised that the manufacture of fertilisers, no less than that of 
dyestuffs, is a “ key industry.” The manufacture of sulphuric and 
nitric acids, and ammonia, which the dyestuff industry can utilise 
in time of war for the production of explosives, is dependent for its 
existence in time of peace mainly on the fertiliser industry. 

Hendrick also quotes results of manurial experiments in Scotland 
to test the relative value of the newer types of nitrogenous, phos- 
■i^hatic, and potasfic fertilisers. * ^ 

^ J. G. Eipman has given a useful review of the fertiliser position 
in the United States.® * • 

* See Hall and Russell, “ The Book of the Rothamsted Experiments ' ? 
(1917), pp. 46 and 47. 

^ »■/. Min. Agri.c., 1922, 29 , 752, 836. ^ 

* Trana. High, and AgrUt. Soc. Scotland, 1922, 34 , 93-114 ; J., 1922, 

»J., 1922, 233r. • - ^ ^ 
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A new journal, the Zeitschrlft filr Pfltmzenernfihrufi^ und DUngung^ 
has been started in Germany, under the editorship of ^ofessors 
0. Lemmermann and P. Ehrenberg. It is published in4wo parts, 
the one dealing with the more academic side, and the other dealing 
\\ith practical fertiliser problems, its future will be Vatched with 
interest. ^ 

Although in certain cases, such as that of sulphate of ammonia, 
the demand is still greater than the supply, in general there 23 no 
scarcity of fertilisers, and competition has resulted in low prices. 

Nitrogerums Fertilisers. 

Nitrogen^ Fixation . — Nitrogen-fixation is a factor of over-increasing 
importance in relation to nitrogenous fertilisers. Sevor.d 'new 
factories in Europe and the New World arc reported. Thus, in 
Rumania (Transylvania) cyanamide is being manufactured, for 
conversion into ammonia, which is then exported to Austria for 
oxidation, though this stage also will later be carried out in Kumania ; 
natural gas is used for heating.® A new German company, the 
Cosag Kontinentale Stiekstoffwerke A.-G., is erecting a factory 
at (Jailing in Austria.’ In British Columbia the^iVmerican Nitrogen 
Products (Company is operating a plant at Kake Buntzen for the 
])roduction of nitrates by an ci(5ctrical method,® while the Electro- 
Clu'tnical Comj)any of (/anada intends to erect a plant for the 
])roduction of calcium nitrate, with a capacity equivalent to over 
.‘1000 tons of nitric acid per annum.® A description of the con- 
struction and operation of the U.S. Government synthetic ammonie 
plant at Sheffield, Ala. (now no longer running) has been published 
comparison being made with the German factory at Oppau.^* 
A report has been issued of the inquiry int-o the disastrous explosior 
M Inch destT’oyed the Oppau factory, but no definite conclusion was 
come to.” It has, however, been established that a mixture of equal 
j)arts of ammonium sulphate and nitrate can be detonated by a verj 
strong initiator. ’2 The Oppau factory has already been rebuilt, 
and although German production of fixed nitrogen is not yei 
.sullicient to leave a margin for exportation after home demands 
have been satisfied, there seems to be little doubt that at the present 
rate of development, German nitrogen products will before long be 
a serious factor in the world markets, particularly if the marh 
reiiiaum near its present low level.”"* Considerable attention was 
attracted to the international aspeets of Germany's fixation industry! 

® Chim. et Jnd., Jan., 1922 ; V, 1922, 178r. 

J,>922, 266r. • 

r., 1922, 453r. 

" J., 1922, 420r. 

Ohem. and Md. Bug., 1922, 26, 245, 307, 359, 411, 463. 

** C}iem.-Zeit., Oct. 5,' 1922 ; J., 1922, 451tt. 

*=* Chem. Ind., Jan. 16, 1922 ; J., 1922, 62r. 

“ C. Matignon, Chim. et Ind., July, f922 ; J., 1922, 400b, 
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by J. Barker’s paper at |be BritisV Association (Section B).^* 
Barker sifted that bj^ tlie end of 1922 Germany will have at her 
disposal an internal capacity for the production of fixed nitrogen of 
about 500,000 t\3na annually, a total so colOj|Ssal that she will be 
entirely independent of all imjDvjrtation. The paper should also be 
consulted for a good survey of the various , nitrogen fixation pro- 
cesses. F. Hausser has published a description of his explosion 
process for nitrogen fixation.^® This process was also dealt with 
by C. J. Goodwin, at the British Association (Section B).’® 
Nitrates . — The Chilean nitrate industry is still suffering from the 
severe slump in the second half of 1921.^’ At the end of June, 
1922, only 33* factories were working, and exports for the first six 
months of the year had fallen to less than 300,000 tons, compared 
with nearly 800,000 tons for the same period in 1921 .^® A recovery 
early in 1923 is, however, anticipated. The continuous grow’th of 
competition ])etween natural nitrate and competitive artificial 
products is well shown by the following figures^® : — 


$) • 

1894. 

Con8umj)tion. 

1904. 1913-14. 

1921. 

Chilean nitrate 

0/ 

/o ^ 

73 . . 

O' 

/o 

()6 

O' 

,0 

. . 50 . . 

0/ 

/o 

33 

CoiTipetitors 

27 * . . 


44 

67 


The life of the Chilean nitrate d(‘posits now being worked is 
estimated to be at least a hundred years, and tiie discovery in 
Chile of an extensive new deposit in Tarapaca, estimated to be 
772 square miles in area, and 2-3 feet^hick, with a content of sodium 
nitrate of 20-40%,-® further post])ones the time when agriculture 
will depend exclusively on chemical or biological fixation for its 
supply of combintKl nitrogen. 

Norwegian (synthetic) nitrate sales declined badly in 1921, and a 
loss of 1*31 million kroner was incurrc'd.^^ During the present year 
the position has improved somewhat, and it 'is estimated that the 
production of nitrate of lime for the year ending December 21 st, 
1922, will be 170,000 metric tons. A patent for rendering sodiunt 
or calcium nitrate non-hygroscopic has been taken out.“ 

Ammonium Salts. — Sulphate of ammonia is still the standard 
nitrogenous fertiliser in this country, and the home stocks — depleted 
by the coal strike and large exports in 1921 , and by relative inactivity 

1922, 387h4 • 

^®t/., ]922, 2r>4K. • 

1922, 394ii. . . 

Bd. of Trade J., April 13, 1922 ; J., 1922, 22(fji. 

J.,, 1922, 460r. 

19i22, 271 r. , 

2“ U.S. Com. Kept., Dec. 19, 1921 ; 1922, 102r. . 

Chem. Ind., Jan. 23, t922 ; J., 1922, 8(jji. f 

R. G. Browning and H. G. T.'Boorman, E.P. 180,180 ; J., 1922, 50?^^ 
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of the coke ovens owing to /slackness in the steel industry — ^were 
entirely sold in 1922, at a greatly reduced p*ice, which was forced 
on the vendors by the low prices ruling for nitrate of sdaa. Over 
half of the sulphate o^ ammoilia now produced .b^^ the Sulphate of 
Ammonia Federation is of the neutral quality, sold ’on a basis of 
252% ammonia. 

The utilisation of cyanamide as a source of ammonia fqrms the 
l)asis of an American process, which turns out mono-ammoiaum 
])h()sphate under the name of “ Ammophos.” A similar process 
forms the subject of German patents, whereby cyanamide is treated 
with sodium bisulphate solution, and the resulting sodium 
ammonium sulphate is treated with superphosphates to give sodium 
ammonium phos])hate for use as a concentrated mixed feiuili'ser.®-'* 
The Badische Company has patented the pre])aratiou of a mixed* 
fertiliser containing nitrate and carbonate of ammonia, with 
super])hos])hate.‘'^‘^ 

On purely theoretical grounds, there is much to be said for 
ammonium bicarbonate as a fertiliser ; when other ammonium salts 
are applied to the soil they are convertt^d into bicarbonate, their 
acid residues merely serving to hasten the loss of lime from the soil, 
or to make; the soil “ sour.” Moreover, the bicarbonate is cheaper lo 
])r()duce than the sulphate or vhe chloride. The ])ractical obstacle 
is tlie volatility of this salt, but according to W. GIuikF® there is no 
serious loss, casks losing only 2-75% by weight, and rosined paper 
biigs only 0*5%, in 30 days. This loss is stated to be probably only 
carbonic aci(l, the sesqui-salt being first formed. Details are 
gi\'(m of the })rocess of manufacture for gasworks or coke ovens 
using tlie imlircct or semi-indirect processes, and it is stated that 
even allowing 5% for loss on storage, cost figures show a saving as 
compared with present processes of ammonia recovery. 

The utilisation of crude gas liquor as a fertiliser has been 
discussed,-® and a]^"' forms the subject of a patent.^’ 

Cjfanamide. — Although cyanamide is the cheapest synthetic 
nitrogen compound to prcKluce, and although its manurial value, 
if not equal to that of sulphate of ammonia, is usually not seriously 
less, its future as a fertiliser is not hopeful. This is, in part, due to 
its tendency to polymerise to the toxic dicyanodiamide, and also 
in part to the dusty and caustic nature of the product hitherto 
put ow the market, which makes it an unpleasant and unpopular 
Kubstanee to apply to the lafid. Some of the pA)ces8es designed fo 

BaiMoacn und Co* G.P. 299,131 and 300,022 ; J., 1922, 858 a, 870a. 

BadiBche Anilin- und Soda-Pabrik, G.P. 351,130 ; i/., 1922, 512 a. 

“ Chem.-Zeit, 192^, 48, 693, 716 ; J., 1922, 722a. 

J. MewB, Cas- uvd Waaserfnehy 1922, 85, 123 ; J,, 1922, 263a. 

Ges. fiir Landwirtschaftlichen Bedarf, and R. Mandelbaum, E.P. 
l53,ro6 i J., 1922, 161a. 
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do dway with the latter drawback, ^^crease the former. The 
of cyanamide in miied feitiliflers, for which it is in many ways 
well suited, was likely to be seriously hindered by the statement 
that it is gradually converted intcf' the polymer in the presence 
of superphosphate.^® This statement, however, could not be 
confirmed by two independent workers^® ; indeed, it is now stated 
that in fertiliser mixtures dicyanodiamide, it present, is depolymer- 
ised.®® Nevertheless, the unpopularity of cyanamide seems to be 
indicated by the cessation of its manufacture in Norway, and 
by the number of attemi3ts which are being made to improve it, 
more especially to render it non-dusty. The following are examples. 

A process which has been patented in Germany consists in mixing 
^ the calcium carbide with volcanic rock silicates before treatment 
with nitrogen. The product is said to be non-caustic, non-dusty, 
and to contain soluble potash. In other German patents the 
cyanamide is treated with tar or other oils, or with fats,®® or with 
sulphite-cellulose pitch.®^ In America a patent has h*een taken out 
for the treatment of cyanamide with water and solid or liquid 
carbon dioxide,®® while a Swedish company has taken out a British 
patent for a proce'ss, whereby the cyanamide is treated with warm 
26% nitric acid and then granulatedln a current of hot air.®* The 
object of all these processes is to obtain^ dustless product. 

P. Maze®’ has obtained promising results by the application 
of cyanamide mixed with ten times its weig|^ of peat. 

Urea . — A more hopeful use for cyanamide seems to be its employ- 
ment as a raw material for the naanufacture of ammonia, or of 
urea, which continues to attract attention as a promising fertiliser. 
The conversion to urea may be effected®* by warming at 80° C. an 
acidified solution of cyanamide, to which is added as catalyst a 
paste containing 83% of ferrosoferric oxide (such as is obtained in 
t^Le reduction of nitro-compounds by iron) ; the transformation 
to urea is complete in one hour, and no dicyanodiamide is formed. 


R. N. Hargor, J. Ind. Eng. Chem., 1920, 12, 1111 ; 1921, 93a. ^ 

2® W. S, Landis, ibid., 1922, 14, 143 ; J., 1922, 385a. J. E. Brecken- 
ridgp, ibid., 1922, 14, 146 ; J., 1922, 385a. 

3“ J., 1922, 292r. 

J., 1922, 222r, 

Rhenania Verein Chem, Fabriken A.-G. and G. A. Voerkelius, G.P./^ 
345,815 ; J., 1922, 264a. | 

— ®® W. Schworzeiiauer, G.P. 306,i37. W. Schrauth, G.P. 363,493 ; M 

.t1922, 776a. • JT 

A. Mann, G.P. 313,129 ; J., 1922, 829a. , % 

J. M. A. Stillesen, U.S.P. 1,386,445 ; J., 1922:, 870a. 

Stockholms Superfosfat Fabriks Aktiebolag, E.P. 168,070; J., ^ 

960a.. . , 

"j « Comptea rend., 1922, US, 1093 ; J., 1923, 110a. ^ ^ 

®“ Farbwerke vorm. Meister, Lucius, u. Bruning, G.P. 301,278 ; J., 
mA. ' " 
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Other patents dealing with t^is conversion may be mentioned** ; 
one of them is apparently the same as a^procese now being.operated 
in Switzerland by the Society des Produits Azotes,^® in which the 
urea is produced in admixtur^i with superphosphate, the product 
being known as “ Pliosphazote.” The cost of manufacture of this 
material is said to be by no means high, and it is becoming popular 
in France for the manuring of vineyards. 

An alternative method for the production of urea is by the 
dehydration of ammonium carbonate, which is readily obtained 
from carbon dioxide and ammonia. C. Matignon and M. Frejaques 
have studied the influence of conditions and of catalysts on the 
conversion, and the Badische company has patented a process 
in (Germany and in this country. The same problem hao deen 
investigated in America by N. W. Krase and V. L. Gaddy. ** Urea is 
rapidly hydrolysed in the soil, but even if for any reason the change 
wen^ slow, no direct harm to the plant would result, as even at a 
concentration of 1% urea is non-toxic to plants.** It seems by 
no means unlikely that the manufacture of nitrogenous fertilisers 
from “ synthetic ” ammonia will ultimately take the form of its 
conversion into urea instead of into ammoniuift salts. Carbonic 
acid is cheaper than sulphuric or hydrochloric acid, and ammonium 
nitrate, besides being under a bloud since the Oppau explosion, 
has not caught on as a fertiliser. Moreover, urea is a more con- 
centrated fertiliser tj;ian any ammonium salt, so that for equal 
nitrogen value freight charges are less. 

Fnlilker Tests . — The results of the field trials which are being 
carried out in this country at llothamsted and a number of other 
(;entres on the relative value of the newer nitrogenous fertilisers 
ar(‘ not yet sufficiently available for trustworthy conclusions to be 
drawn. In America, the results of experiments carried out at the 
Massachusetts Experiment Station, using sulphate of ammonia each 
year since 1889, gare,* for equal amounts of nitrogen, a value ol 
9.1 to sulphate of ammonia against 100 for nitrate of soda.** At 
the Mississippi Experiment Station nitrate of soda, nitrate ol 
ammonia, and cyanamide were effective in the order named.** 
In Germany (Brunswick) for potatoes sulphate of ammonia gave 
the best results on light soil, but sulphonitrate was best on loam ; 

’ S(n', d’Etudes China, pour I’lndustrie, E.P. 161,597, 151,598, 154,562, 
159,863, 169,864 ; J., 1922, 111a, 112a. 

' V , 1922, 331r. • . , 

(%iin. et. Ind., 1922, 7, 10® ; J., 1922, 646a. Sfle also K. C. Bailey, 
Vowpiri. rend,, 1922, 176^279 ; J., 1922, 686a. 

Bad.4clie Anilin- aind Soda-Fabrik, G.P. 301,279 ; E.P. 145,060 
192-:, 488a. 

" hid. Eng. Chem., 1922, 14, 611 ; J., 1922, 610a. 

** T, Bokomy, Biochem. Zeits.^ 1922, 132, 197 ; */., 1922, 950a. 

F. W. Morse, Maas. Sta. BuU., 1921, 204, 83. 

** H. B. Brown and J. F. O’Kelly, Mdsaiaaippi Sta. Bept., 1921, 16. 
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nitrate of soda gave the b^st yields lof sugar beet on loam, whilb 
for tobaoco on lights land^'urea, sulphonitrate of ammonia, and 
cyanamiob were effective in the order named ; on meadowland 
cyanamidc and^^ul^ihate of ammonia were eayh slightly better than 
nitrate of soda.**’ Bicarbonate of ammonia gave good results with 
various crops, approaching and sometimes^ equalling sulphate of 
ammonia.^" In Denmark, experiments in 191 6-19, comparing 
the value of nitrate of soda, sulphate of ammonia, and cyanamide 
for nine different crops on four different soils, showed, taking 
nitrate of soda at 100, for sulphate of ammonia figures of 64 to 94, 
and for cyanamide figures of 23 to 85, the best results with cyana- 
mide being o^^itaincd with turnips, oats, and cabbages.^® 


Anahjsis . — Methods have been described for the estimation of 
total, nitrite, and nitrate nitrogen in fertilisers,*^^ and for the deter- 
mination of total nitrogen in mixtures of cyanamide and nitrates. 


PJiosphatic Fertilisers. 

The main interest still centres round the agricultural value of the 
newer types of ba§iic slag, and of raw mineral phosphates. A useful 
sumniary of the position in this country with regard to the use of 
T)hosphatic fertilisers in agriculturp is given by Russell.” On the 
Continent, there was in France a good demand for superphosphate, 
bone meal, and slag, in all cases in excess of supply,*^* while in 
Germany, where in the past there has been a? tendency to neglect 
phosphatic fcrtHisers, their value for maintaining yields is being 
increasingly recognised, and supplu^s were twice as abundant as 
in the previous year. ' 

Superpltospfiale.— Tho consumption of superphosphate in this 
country is on the increase, the sales for the year ending Septem- 
ber 30th, 1922, being over 12% higher than for the previous year. 
New factories are projected in South Africa*^® and Tasmania,'*’ 
Nauru phosphate being used in the latter. In Belgium the output 
is still below the pre-war figure of 230,000 tons.®® A further patent 

" O. Nolte and A. Gehring, Devt. Lmidw. Pretme, 1922, 49, 31. 

Gluud, loc. cit. 

J. , 1922, 399r. 

*^0 P. Bolin, Meddel. CentralansL Forsokav. Jordbouksomnldef.t 1921, 
No. 217 ; Expt. Sia. Record^ 1921, 47, 322. 

F. Mach and F. Sindlinger, Z. angew. Chem., 1922, 35, 473 ; J., 1922, 
•4>08a. See also Landw. Vers.-StcU.f 1922, 99, 95. 

K. D. Jacob and W. J. Geldard, J.^Ind. Eng. Chem., 1922, 14, 1046 i 
J., 1923, 24a. 

53 E. J. Rwssell, J. Min. Agric., 1922, 29, 234. «■ 

5^ Chem. Ind., Aug. 28, 1922 ; J., 1922, 406 r. 

5 5 Chem. Ind.f May 29, 1922 ; J., 1922, 353 r. , 

,S‘. Afr. J. Ind., March, 1922 ; J., 1922, 219r. 

5’ Ind. Auatr., April 6,-1922 ; J., 1922, 264 b. 

58/., 1922, 318b. 
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has been taken out for the ^se of nitric instead of sulphuric acid 
in the manufacture of superphosphaifc'^® ; also a patent for the 
concentration by froth- flotation of the mineral phosphaiie used in 
the ordinary process.®® Scvtjral patents have .bc'jn taken out in 
the United States fur new plaD+*-^ jov the manufacture of super- 
phosphate.®^ 

Basic PJiosphaies. — There is still great uncertainty as to the 
relative value of the open-hearth basic slags, as compared with the 
now almost unobtainable Besvsemer basic slag, but evidence is 
gradually accumulating regarding the influence of soil and climatic 
conditions on the results obtained. The Second Interim Report 
of the Permanent Committee on basic slag set up by the Ministr.y of 
Agriculture, has been issued. ®2 There it is pointed out that although 
the demand for basic slag is on the increase, the output is not, and 
in 1920 and 1921 basic slag was imi)orted from the Continent in 
increasing amounts (38,000 tons in 1921). Little, if any, change 
is likely to be made in blast-furnace or steel furnace procedure, 
with the object of improving cither the output or the quality of 
slag. The reason for this is apparent, when it i.^ remernbcrcjl that 
for a ton of steel, worth £10 in 1921, the value of the 4 cwt. of slag 
produced is, before grinding, or>ly 2s. The Committee, therefore, 
acce})ts the fact that the output of slag is less, and likely to remain 
h'ss, than could advantageously be used by farmers, and is turning 
its attention to the* possibility of increasing the effectiveness of 
])aKic slag, or of finding effective substitutes in ground mineral 
])hos])hates. A summary is given of the results of field trials, but 
no definite conclusions c;an yet be drawn from the results, owing 
to llie ribnormal drought in 1921, which prevented the slags from 
pj’oduoing thtur full effect. The committee concludes, however, 
that the oflicial solubility test needs revision. The most extensive 
fi(‘ld experiments carried out with the new slags are those by G. S. 
IvotxTtson in Essex. A monograph embodying the results of these 
(‘\}>eriments has been published. ®® These results go to show that 
on heavy soils (boulder clay and London clay) the Itigh-solublo 
op(‘e.-hcarth slags are as effective on meadow land as the old Bes- 
■ emer slag, while the low-soluble, fluorspar slags, although less 
effective, than the high -soluble slags, are still of considerable value, 
])ariicularly in moist districts and on sour soils, and are far more 
<‘ffv‘cci' 3 than their solubility figures would suggest. 

A.-O. fur Anilin-Fabrikation, U.r. 300, l»u ; J., lysZy sz»a. 

W. 'Wlridge anH E. Edser, E.P, 171,155 ; J., 1922, 26a. 

"LW. T. Doyle, U.S.P. 1,401,627 ; J., 1922, 151 a. T. J. Sturtovant, 
1,403,820; 1922, 187 a. T. J. Sturtevant, U.S.P. 1,428,920- 

bPiS.922 ; J., 1922, b2?A. 

J. Min. Agrh.y 1922, 29 , 530. 

“ Basic Slag and Rock Phosphates,” ; J., 1922, 320 b. 
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I[ Demolon** has studied the rat^, of solution of calcium, ma^-, 
nesium, and manganese fr<fm various slags with various solvents. 
The calcium at first goes into solution very rapidly, and then oidy 
very slowly, while, the manganese is 'easily soluble in 2% citric acid, 
A valuable monograph on the phosphate aeposits in the Empire 
has been published by the Imperial Mineral Re^sources Bureau.®* 
Submarine deposits have been found off the coast of South Africa.®® 
It has already been mentioned that the Basic Slag Committee 
is considering the possibility of using ground mineral jihosphates 
directly, as substitutes for basic slag, as is already widely done in 
the United States ; the Empire resources of rock phosphate are much 
greater since* the war, as the oceanic deposits in thej’acific are now 
available. The output from these deposits, which was 105,^8 tons 
in 1919-20,®’ had risen to 364,251 tons for 1921-22, of which 73% 
went to Australia, 5% to New Zealand, 4% to the United Kingdom, 
and 18% elsewhere.®* 

Much of the Nauru phosphate that has reacheci' this country 
has been put on the market in admixture with low-grade 
slag, but it remairis to be seen whether such a mixture is a sound one. 
There is little doubt that in moist districts and on sour soils ground 
mineral phosphate is often at least equal in value to high-soluble 
basic slag, while in some cases even on swifeet soils and in dry districts 
it is not much inferior, despite its lower citric-solubility ; it appears 
to be always better than the low-soluble fluorspar slags. These 
results w^ere obtained by G. S. Robertson in Essex, »» on meadow 
land, and further experiments in JJorthern Ireland on the turnip 
crop* tend to show Gafsa phosphate as equal to high-soluble open- 
hearth slag.’® J . S. Marais’i has carried out pot culture experiments 
on the relative “ availability ” of the phosphates of aluminium, 
iron, and calcium, and concludes that all three normal phosphates 
are equally available, but that the basic hydrated (mineral) phos- 
phates of iron and aluminium are less so ; this could be remedied 
by ignition. Lime increased the availability of aluminium phos- 
phate, had no effect on the ferric compound, and reduced that of 
calcium phosphate. Assimilation was assisted by the active 
' nitrification of urea. C. Brioux’^ also has investigated the relative 
value of the normal phosphates of iron, aluminium and calcium, 

** Corwptes rend.^ 1922, 174 , 1703 ; J., 1922, 594a. 

“ Phosphates, 1913-1919,'’ Ipiperial Mineral Resources Bureau ; 
1922, 10b. ' 

6'. Afr. J. Ind., Nov.-Dee., 1921 ; /, 1922, 8b. 

« Col Rep. Ann., No. 1088, 1921 ; J., 1922, 65 r. 

Ind. Auatr,, Aug. 31, 1922 ; J., 1922, 481r. 
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G. Scott Robertson, J. Min. Agric., 1922, 29 , 519, 600 ; J., 1922, 

w Soil Sci., 1922, 18, 366 ; 1922, 661a. 

’’^ Comptes rend., 1922, 176 , 1096; J., 1923, 110a. 
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in pot experiments. Mineral phosphates are more available to 
some crops than to others, and M. von Wrangell,’® as a result of pot 
experiments with different plants, concludes that the po’<(^er of any 
species to utilise the phosphorus of relatively insoluble mineral 
phosphates varies diibctly with the^ ratio of Ca 0 :P 206 in its ash. 
Of the fourteen species examined, the lowest phosphorus utilisation 
was shown ,by wheat* and rye, and the highest by buckwheat. 
K. Mack’* finds that insoluble phosphates arc rendered soluble by 
colloidal humic acid, and that ammonium humatc acts on phos- 
j)hate8 of iron and aluminium to give soluble substances which 
ap})ear to contain humic acid, phosphoric acid, and metal, in a 
complex anion ; but he recommends the use of phospliates in con- 
junction with organic manures. 

Increasing attention is being directed towards the question 
of the influence of fineness of grinding on the availability of basic 
phosphates. It is obvious that the finer any material is ground 
(and therefore, the greater its surface) the more rapidly will it be 
attacked by chemical or physical solvents, aiid there is an increasing 
amount of evidence from field trials that basic phosphates give the 
best results when very finely ground. 1). A. ^(ilchrist has? sum- 
marised much of this evidence.’* The reduction of mineral phos- 
phates to a “ colloidal ” conditiOiiiis the subject of a process patented 
in this country,’® the material being suspended in much water, 
faintly alkaline, and subjected to the action of a special mechanical 
disintegrator run at very high speed (1000-2000 r.p.m.), J. 1). 
Tocher” has made a study of the influence of conditions on the 
solubility of rock phosphate ill citric acid solution ; he has also 
(;arried out field experiments on turnips with mineral phosphates.’® 
He concludes that the only practical tests of the value of phosphatic 
fertilisers from the agricultural standpoint arc : (1) total phosphatic 
content ; (2) degree of fineness of grinding ; (3) freedom from 
injurious substances and substances inhibiting plant growth. 
This is probably an overstatement, for although the physical state 
of the material is undoubtedly of great importance, there must be 
considerable chemical differences between, e.g., a low-grade fluorspar 
Nlag and a phosphate rock such as Nauru, although we are still 
i)atlly in need of information as to the exact nature of these 
difftirences. 

T. Diockmann and E. Houdremont’® have determined the citric- 
solubility of various possible constituents ; they finc^that tetracalcium 

‘^Landw. Jahrh,, 1922, 67, 1 1922, 661a. 

1922, 46, 73 ; J., 1922, 186a. 

J. Min. AgHc.y 1922, 29, 706. 
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phosphate, 4Ca0,Pa06, tricalciumf^ phosphate, Ca3(P04)2, and 
calcium .silicophospkate, sfcaOjPaOjjSiOa, are all over 90% soluble 
in 2% tttric acid, but that oxyapatite, 3Ca3(P04)2,Ca0, has a 
solubility of (?iily 67%, while flt/orapatite, 3Ca 3(P04)2,CaF2, is 
only 10’ 1% ‘soluble, thus tenc|ing to confirm' the earlier conclusions 
of Bainbridge. They also find that tlie highly-soluble tetra- 
calcium phosphate decomposes at 1000° U, or on f^low cooling, 
giving the less soluble oxyapatite, whereas the silicophosphate is 
unaffected, and therefore they recommend that there should be 
sufficient silica in the slag to combine with the free lime. The 
common view that the phosphorus in basic slag is present only as 
tetracalcium phosphate, cannot be taken as satisfactorily estab- 
lished. The possible chemical effect of silica in facilitating phos- 
phate assimilation may be indicated by the work of 0. Lemmermann 
and H. Wiessmann,®^ who found that, in sand cultures, colloidal 
silicic acid produced the biggest increases in yield in cases in which 
insufficient phosphoric acid w'as present. 

Whatever may be the advantage of high solubility in basic phos- 
phates, attempts continue to be made to render mineral phosphates 
soluble by meanfe other than their conversion to superphosphate. 
Of these, the production in Germany of Rhenania phosphates®* 
(referred to in last year’s report; p. 4J^0) is one of the most note- 
worthy. The composition of the product is stated to approximate 

K \ 

roughly to that required by the formula tCa0)2j^g^/0,p205, the 

percentage composition being P2O5 15-25, K2^ NaaO 8-15 
(K20==8), SiOg 10-20, CaO 35-40. ‘The citric- solubility is 80-90%, 
while 75% of the phosphorus is soluble in an aqueous solution of 
carbonic acid. Nearly one million tons has been sold, and the 
evidence of pot and field trials is stated to be favourable, its value 
being equal to or greater than that of basic slag. Another method, 
which has been patented in the United States, is to briquette the 
phosphate with coal or other combustible material, and then 
roast.®*'®® According to a process patented in this country®* the 
phosphoric acid of mineral phosphates, bonemeal, or slag can be 
rendered citric-soluble merely by intimate grinding with salts of 
alkalis or alkaline-earths. In another process, fermenting plant 
material is mixed with iron ore containing phosphate ; the filtrate 
is neutralised and absorbed in mineral matter.®’ 

J., 1921, 124a, 156a. also A. Scott and D. N. M’Artn^* 
J. Went of Scotland Iron and Steel Inst., li22, p. 79. 

Z. Pfianz. Dung., 1922, (A), 1, 185. 

““ Z. anigew, Chem., Oct. 3, 1922 ; J., 1922, 462r. 

F. Weiske, Mitt. Deut, landw. Qesell., 1921, 86, 667. 

• E; C. Soper, U.S.P. 1,396,149 ; J., 1922, 26.‘,. 

“ J,. 1922, 292r. ^ 

Eisenwerkges. Maximilianshutte, E.P. 186,223 ; J., 1922, 909i 
•;R. Eberhard, E.P. 146,361 "i J., 1922, 187 a. 
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The use of sulphur oxidisin^*bacteria jn rendering mineral phos- 
phates soluble is referred to later. 

Analysis. — J. C. VogeP® has described a useful direct ^titration 
method for the determination o^ water-soluble P^Og’ in superphos- 
phate. R. Meurico®® lias studied the determination of calcium 
in natural phosphates. The preparation of the neutral solution of 
a-innionium citrate whi5i is used officially in America foi detor- 
mining citric solubility, has been standardised.®® 


Potassic Fertilisers. 

A useful compilation of up-to-date information on *the world’s 
potash resources, with special reference to the British Empire, 
lias ])een publishcnl.®*^ 

ddie competition between tlie French and the German jiotash 
iulercsts, which is all to the good of the agriculturist, seemed 
likely to cease when it was reported that negotiations were in 
progress for the re-establishment of a monopoly,®- but nothing came 
of t]K‘sc.®® During 1921 the German syndicate l^gan to feel the 
cff(‘cts of French competition, especially in American markets.®* 
(lerman jiGtash exports began to improve at the end of 1921, but 
at the beginning of 1922 they fell off,®® only to improve again,** 
and to such an extent that the estimated foreign sales for 1922 
art* 1, 2.50, 000 metric t^ns,®^ thus for the first time exceeding the 
pre-war 1913 figure of 1,100,000 metric tons. This is largely due 
to tliii big reduction in prices of# potash manures which took place 
last s])ring, and again later, bringing about a very considerable 
autumn trade, chiefly in kainit. The lowest grade potash salts 
are now materially cheaper than they have ever been before. 
Tilt* ])roduction of potash from the Alsatian mines, which suffered 
a set-back in 1921, more than recovered in 1922 ; in 1921 900,000 
metric tons of crude salts (equals 110,500 metric tons KgO) was 
produced, as compared with 1,350,000 metric tons of crude salts 
(230.000 metric tons of KgO) in 1922. The latter figure is a record 
f(»r these mines. The exports for the first nine months of 1921 

J., 1922, 197t. 

Ann. Chirn. Analyt., 1922 (ii.), 4, 198. 

""C. S. Eobiiison, J. Assoc. Off. Agric. Chem., 1921, 6, 93; J., 1922, 

A. See ttlbo J., 1922, 428a. • 

S. ,1. Johnstone, “ Potash,” imperial Institute (Jofln Murray, 1922) ; 

15122, 408r. 

“V.. 377r. 

J.t 1922, 398 k. 

J., 1922, 178r. 

J.f 1922, 428r. 

““ Dmt. Bergwerks-Z., June 23, 1922 ; J., 1922, 314r, 451r. 

J., 1922, 636r, 

2a> 



kstOETS 03P THK PEOGBBSS OF APPL^D' CtajII^Tr 

'''- ’ , , f 

and 1922 respectively were 366,5/7 and 706,698 metric tons of^ 

potash salts (equahto 85,V)37 and 169,684 metric tons of KjO). 

Potas'k production in the United States, which fell off in 1919, 
revived someVhat in 1920, reaching a figpre of 166,834 tons, an 
increase oi nearly 50% over 1919.®® The existence of extensive 
potash deposits in Western (Texas has l^een confirmed, although 
their thickness is not yet known. A red salt containing 18-19% 
KgO, probably polyhalite, has been found to be fairly widely 
distributed.®® 

The United States Government kelp plant at Summerland, 
California, now produces potash only as a by-product.^®® The 
recovery dt potash as a by-product in the blast-furnace industry 
is still receiving some attention. It is calculated that in the United 
States 5*6 lb. of KgO is volatilised for every ton of pig iron, giving 
an estimated total for all plants in the United States of 100,000 tons 
of potash annually, compared with 87,000 tons from the cement 
industry .1®^ Flue-dust potash is still on the market in this country. 
Experiments have been carried out in the United States on* the 
preparation frqm wool-scouring waste of a fertiliser containing 
6% KjO and 5% N, and it- is hoped to put this on the 
market.^®* , 

The bulk of the American potash production is, however, derived 
from natural brine. After a year’s closure, the American Trona 
Corporation is re-opening its potash plant at Searles Lake, CaK- 
fornia. The product will be put on the market at a price to compete 
with imported material.'®® Tho crude potassium cliloride from 
this lake may contain as much as 25% of bdrax, and as such, is 
quite unsuitable as a fertiliser. A satisfactory method of eliminating 
this harmful impurity has now been worked out, and a high-grade 
muriate is produced, containing less than J% borax, which ia 
within the U.S. regulations limiting the borax content to a maximum 
of 0-5-1%.'®* 

The utilisation of silicate rocks as a source of potash continues 
to receive attention, particularly in the United States, and also in 
Germany, several processes being patented.'®* It is stated that 

U.S. Oeol. Suro.t Oct., 1921 ; J., 1922, 8 e. 

»» Chem. and Met. Eng., 1921, 26, 1179 ; J., 1922, 32r. 

See No. 90. 

1“' W. H. ‘Rc»s and A. R. Mete, J. Ind. Eng. Chem., 1922, 14, 302. . 

J., 1922, 292b. See ateo F. P. tTeitch, J. Ind. Eng. Chem., 1922, 14, 
434 ; J., 1922, 427a. 

J.,d922, 266 r. 

W. H. Rosa and W. Hazen, Chem. and Met. Eng., 1922, 27, 167 ; 
1922, 706a. ,, r,' ^ 

^‘“‘Chern. Werke. Rhenania, and A. Messerschmitt, G.P.' 300,6434 r*? 
1922, 161a. a. H. Cowries, U.B.P. 1,408,169 ; J., 1922, 305a. Gfc 
and F. Jourdan, U.S.P, 1,418,3*6 ; J., 1922, 662a. ' ' “ ^ ^ ' 
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nitrate of potash from greensand is shortlj|to be ^t on the American 
market.^®* Shales containing 6% or more of^^O are s^ted to 
occur in Illinois. If these are used in cement id a lufacture, and 
known methods of recovery applied, it is estimatied'thfit it would 
be possible to obtain a yield of 5-3*lb. of potash per barrel of 
cement.^®’ 

In the Far East potash is produced from seaweed to a moderate 
extent. Japan exported to the United States in 1920, 1143 tons 
of chloride and 834 tons of carbonate ; small quantities of potash 
salts arc also exported from China, the Dutch East Indies, and 
Straits Settlements.^®* It is suggested that the ash of the water- 
hyacinth, Eichornia cra^mpes^ a common tropical weed, contami^g 
7-5% of soluble KjO, could be used in India and Burma as a potash 
manure.^®® 

Despite the amount of attention that is thus still being devoted 
to the extraction of potash from industrial residues, silicate minerals, 
etc., especially in the United States, it is unlikely that much will 
ever come of this, with supplies from the German and jAlsatian 
mines so abundant and cheap. 

There is little or no precise information available regarding the 
relative manurial value of sulphate, high-grade chloride, and low* 
grade chloride of potash. In view of the fact that the German 
mines can produce cither sulphate or chloride, while the Alsatian 
mines can only turn out*chloride, this is a matter of some importance, 
and an extensive series of field trials on various crops at Rothamsted 
and other centres has been started. 

Lesage^^® concludes, from water culture experiments, that natural 
syhinite contains something else besides its chief constituents, 
potassium, sodium, and magnesium chlorides and calcium sulphate ; 
a mixture of these salts in the same proportions as those in which 
they arc present in n:.,tuxal sylvinite, gave results inferior to those 
obtained with the natural material. 

It is stated that the crust-forming action of potash manure 
Ralts, especially kainit, is due to their magnesium content, which 
acts largely by causing mechanical cementation, rather than by 
causing dcflocculation or chemical action 

A iurtlier paper has appeared on. the volumetric bitartrate 
method ( f determining potash.”® i^tkinson^s perchlorate method 

1922, 131b. 

M. M. ^^lin and S.'.W. Parr, J. Tnd, Eng, Chem.f 1921, 18 , 1144 ; 

*922, 140a. ^ 

Oh. of Com. J., May 19, 1922 ; J., 1922, 294b. 

Imp. Inst. Bull, 19 , *4 ; J., 1922, 401b. 

P. Lesage, Comptes rend., 1922, 176, 992 ; J., 1923, 110a. 

A. von Nostitz, Landw. Ver8uchs-iStat.^l92l, 99 , 27 ; J., 1^, 186a. 

Macheleidt, Woch, Brow., 1922, 89 , 28 j J., 1922, 200 a, 
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has been found unsati8fa|.:tory.“® *A distillation method for the 
determii^ation of borax in fertilisers has been described.”* 

« 

Organic and Mixed Mam ires. 

The preparation of so-called' “ artificial farmyard manure ” from 
the fermentation of straw”® has now passed out of the laboratory 
stage. A syndicate (the Agricultural Development Company) 
has been formed for the commercial exploitation of the process and 
large-scale demonstrations are being carried out on farms in various 
parts of the country. The value of the material is being thoroughly 
tested on the practical scale.”* 

A careful investigation of the nitrogen cycle in the activated 
sludge process of sewage purification, involving both laboratory 
and large-scale work, and of the manurial value of activated sludge, 
has been carried out.”’ The higher nitrogen content of the acti- 
vated sludge as compared with ordinary sludge, is found to be 
derived from the ammonia of the sewage ; there is no evidence of 
nitrogen fixation. The cell-contents of the very large numbers 
of ]A‘otozoa in Veil- activated sludge (about 1,000,000 per gram) 
may account for a large proportion of the extra nitrogen. Activated 
sludge produced at the Harpenden sew^e works contained 5-r)-6*8% 
of nitrogen calculated on the dried material, and the value was not 
affected by changes in the method of working. There is always a 
loss of nitrogen in the proce»s, varying from So% to 80%, according 
as conditions are favourable or the reverse. The pro]3ortion of 
total nitrogen in Harpenden sewdge recovered in normal working 
was 15%, compared with 10% by precipitation and 4% by septic 
tanks, while by adopting special measures the recovery may be 
as high as 27%. Field experiments at Rothamsted with activated 
sludge made at the Harpenden sewage works showed that this 
sludge had a high manurial value in marked contrast with the old 
type sewage sludges previously tested. 

The question of the utilisation of town refuse as a manure is 
being taken up, A useful summary of the positioir in this country 
is given by E. J. Russell.”* 

A valuable monograph has been published by A. Bruttini, in 
which the agricultural utilisation of waste materials and residue 
is treated exhaustively.^^® 'As usual, a number of patents have 

S. J. Watsftn, Analyst, 1922* 47, ^5. ' 

”« J. M. Bartlett, J. Assoc. Off. Agri. Chem., 1921, 6, 88 ; J., 1924i^A. 
See also W. H. Ross, ibid., 1922, 5 , 440. * ' 

See Ann. Repts., 1921, 6, 411 ; also J. Mm. Agric., 19^21, 28, 39§. 

”* See, e.g., G. H. Garrad, Modem Farming, August, 1922. 

E. H. Richards and G. C. Sawyer, J., 19221^ 62t. 

”* E. J. Russell, J.Jdin. Agric., 1922, 29 , 685, 838. ; 

”• “Ramassage et Utilisation des Dockets et RiSsidus” (Int4rwion*^ 
Institute of Agrkulture, Rome, 1922). 
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been taken out for the production of fertilisers from peat, waste 
materials, and so on, by chemical or felmentt^bion methods. The 
value of many of these is not obvious.^*^® 

The alkaline permaijganate method of estimating the availa- 
bility ” of ammonia in organic manures has been investigated.^®^ 

Calcareous a^td Magnesian Materials, 

The value of sea sand as a calcareous soil dressing, as used largely 
in (Cornwall, has been discussed.^®® W. Mather'®® could observe no 
diff{T(mce in the action of magnesian and non-magnesian limestone 
on crop yields or soil reaction ; both rendered the aluminium in 
th(‘ soil relatively insoluble. No effect on plant growth could be 
observed from variations in the Ca/Mg ratio in the soil. il. H. 
llobinson and D. E. Bullis'®* found that chalk and lime produced 
different effects on different acid soils, when added so as to satisfy 
the /Veitch “ lime requirement.” Laboratory examination showed 
that those soils that responded to lime gave a rapid nitrification on 
liming. Calcium sulphate was found to increase the soluble potash 
and magnesia in all soils. 

0. Nolte could observe no benefit from the use* of waste g 3 ^sum 
for the conservation of liquid manure.'®® The use of gypsum for 
the reclamation of “ alkali ” soils has been studied by P. L. 
Hibbard.'®* German patents have been taken out for the prepara- 
tion of so-called fertilisers from magnesium compounds ; it is not 
obvious that the products would be of much fertilising value.'®^ 

Sulphur as*a Fertiliser” 

The work of d. G. Lipman and his associates at the New Jersey 
Experiment Station on the bacterial oxidation of sulphur, which 

120 Peat The Molassino Co., Ltd., and H. C. S. do Whalley, E.P. 173,276 ; 
J., 1922, 187a. D. Lo Monaco, U.S.P. 1,402,638 ; J., 1922, 161a. See also 
Maze, loc. cit. Organic r^fw/e :—C. L. Paynor, U.S.P. 1,398,113 ; J,, 1922, 
71a. S. j. Smith, U.S.P. 1,402,102; J., 1922, 187a. R. Balmer, U.S.P. 
1,408,064 ; J., 1922, 304a. Soc. Anon, Brovetti Boccari, E.P. 175,686; *7., 
1922, 603a. D. Lp Monaco, E.P. 184,833 ; J., 1922, 829a. Nitrated 
( drh fhydrate : — W. O. Snolling, Assr. to Trojan Powder Co., U.S.P. 1,410,037; 
•c, 1922, 338a. Conditionmg with halogen gases or with nascent hydrogenx — • 

Lo Monaco, U.S.P. 1,402,638; /, 1922, 151a. C. A. Butt, U.S.P. 
1,418,618; 1922, 603a. Artificial liquid nuinure : — G. Cyliax, G.P. 

365,038, 365,991 ; J., 1922, 829a. Fixation of nitrogen by carbonaceous 
inaifrf'i' ani gypsum : — K. Niedonzu, E.P. 166,887 ; ,7., 1922, G02a. 

C. S. Robinson and O. B, Winters, J. Assoc. Ojf^Agric. Ohem., 1922^ 
5, 446. i 

W. Bftrloae and A» Gregg, J. Min. Agric., 1922, 29, 591, 

Sou Sbi., 1922, 18, *337 ; J., 1922, 561a. 

Ibid,, 1922, 18 , 449 ; J., 1922, 677a. 

Ibid., 1922, 13 , 1«5 ; J., 1922, 337a. 

Mitt. Deut. landw. Qea., 1922, 87, 41. 

'”B. StoUberg, G.P. 342,971 ; J., 1922, 187a. C. Kroseberg, G.P. 
353,371 ; J., 1922, 723a. * 
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has been going on since 191^, is being actively developed in the prac- 
tical direction. Thd extraordinary organism, ThiohaciUua Mo- 
oxidans, Vhich is a most active o^idiser of elementary sulphur, 
can exist in a ftiedium with a of 0*58, ai^ grows best in media 
at ^h= 2*8-2*0. Treatment wifh sulphur in the presence of this 
organism is being advocated for several pusposcs, such as : (1) to 
control potato scab ; (2) to reclaim black alkali soils ; (S) to increase 
the availability of phosphates.^^s ^ patent has been taken out for 
the culture of the organism. 

S. A. Waksman^®® has demonstrated that by treating soil with 
sulphur, inoculated with the above organism, the acidity of the soil 
can* bo increased sufficiently to inhibit the growth of Actinomyces 
scabies, the organism responsible for potato scab. 

W. Rudolfs has studied the effect of treatment of black alkali 
soils with inoculated sulphur. The alkalinity of the soil was 
gradually reduced, but leaching is also needed, otherwise the 
dissolved salts still cause trouble. A marked effect on the floccula- 
tion and bacterial numbers of the soil was observed. 

Perhaps the mojt striking results have been obtained in the work 
on the production of soluble phosphates from rock phosphate by 
treatment with sulphur. ^ 

In a liquid culture containing sulph4r and tricalcic phosphate 
the sulphur-oxidising organism soon produces an acidity of about 
2*8, which is maintained until all the phosphate has been made 
soluble.'®^ The same change occurs in a compost of soil, rock 
phosphate, and sulphur ; monocalcvum phosphate is stated to be 
first formed, and then to react with the tricalcic phosphate to give 
dicalcic phosphate.^®® W. Rudolfs, working in France, has studied 
the conditions best suited to the production of soluble phosphate 
from a compost of rock phosphate and sulphur with a slightly 
alkaline calcareous soil, with a view to make possible the application 
of the process on the manufacturing scale.*®* The same worker 
has found that iron pyrites can be similarly oxidised, and that this 
mineral seems to exert a catalytic influence in a soil- sulphur-phos- 
phate compost, in presence of sulphate of ammonia.^®® Field 
experiments at the Mississippi Experiment Station on cotton 

J. G. Lipinan, S. A. Waksman, and J. S. Jofle, Soil Sci., 1921, 12, 
475; J., 1922, 187a. 

G. Lipman, E.P. 161,563; J., 1922, 112a. See also J. S. Uofle, 
Soil Sci.^ 1922, is; 1^1. S. A. Waksman, Soil Sci., 1922, 18, 329 ; J., 1922, 
561a. • 

Soil Sci., 1922, 14, 61 ; J., 1922, 870a. 

Ibid., 1922, 13, 215 ; J., 1922, 427a. 

S. A. Waksman and J. S. Jofle, J. Biol. Chem., 1922, 50, 35 ; J., 1022, ; 
263a, • ' 

1*3 J. 8. Jofle, Soil Sci..im, 13. 107 ; J., 1922, 338a. 

W. Rudolfs, ibid., 1922, 14, 37 ; J., 1922, 870a. 

RudoHs, ibid., 1922, 14,135 ; J., 1922, 949a. 
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demonstrated a considerable uncrease ip yield, following treatment 
with raw rook phosphate and sulphur, though either alone had a 
depressing effect.^®* On the other hand, German ei^perimenta 
with oats and carrots j^on different soils gave disappointing results.^®’ 
Possibly the right organisms were not present. 

Another aspect of thf question is {he possibility of actual deficiency 
of sulphur ih a long cultivated soil. It is stated that in \inorica 
r)(V100% increase in crops of lucerne and other legumes has been 
obtained by using sulphur, and it is suggested that on such soils 
sulplmr may be a limiting factor, so that crop increases obtained 
])y the use of sulphate of ammonia or superphosphate, may be due 
to their sulphur content, rather than to their nitrogen br phospljorio 
acid.^®* 

Carbon Bioxide as a Fertiliser. 

Jhe German work on this subject'®® has attracted considerable 
attention. The value of the system in greenhouse work is being 
critically investigated at one of the research stations in this country, 
and Riedel’s process is being tried by several British nurserymen. 

ElectrocuUure. 

The Elcctroculture Comiaittee of the Ministry of Agriculture has 
published a preliminary account of the results so far obtained at 
Rothanistcd, Lincli^ien, and the Harper Adams Agricultural 
(bllege. The work is still proceeding, but there appears to be 
definite evidence of an increase in crop in field experiments, by the 
electrification of spring-sown oats and barley.'*® 


Soils. 

Soil Moisture. 

B. A. Keen has studied the evaporation of water from soil 
receiving artificials, unmanured soil, and soil receiving farmyard 
manure, and finds that the rate of evaporation decreases in the above 
order.'*' T. Heighten has investigated the electrical method of 
soil moisture determination ; the relation found by American 
workers, i.e., that the resistance varies inversely as the square of 
t lie moisture content, is concluded to hold good for moisture consents 
over 10%, but below this fi^ire iAcgularities appeared.'*® 

H K Brown and- J. F. O’Kolly, he. cit. 

GorlaJfeh, Mitt. Detu. landw. Ge»., 1921, 36, 726. 

J., 1922, 292r. 
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Water-Soluble ConstAuents. 

A. F. G^istafson confirms the known effect of drying a soil in 
increasing the amount of water-solubje material. Soil kept moist, 
but not satur^teA, for nine weeks at ordinary temperature suffered 
little change in its content of .water-soluble material. For pot 
culture work it is highly important that soils «should be kept under 
strictly comparable conditions of moisture, temperature, and 
aeration.^ From freezing point determinations C. E. Millar finds 
that the soluble matter in the top 6 in. of uncropped soil reaches a 
maximum in summer, and is low in early spring and late autumn. 
In the soil between 6 in. and 12 in. depth the soluble matter is low 
and .suffers no seasonal fluctuation. Soluble matter tends to 
accumulate in the top quarter of an inch, especially in dry seasons, 
but cropping hinders this and also influences the value for the layer 
between Jin. and 6 in. depth.^^* 

Soil Colloids. 

N. M. Comber has brought forward further evidence in support 
of his hypothesis of^the mechanism of the flocculation of clay soils by 
calcium hydroxide,^^'^ and has extcn^Jed it to the characterisation 
of “ fat ” and “ lean ” clays.^^® He has also brought forward a 
modification of the present hypothesis^regarding the mode of 
absorption of nutrient materials by the plant root, involving a more 
intimate and direct role of soil colloids in ^is process.^ The 
adsorption of acid calcium phosphate by gels of iron oxide, alumina, 
and silica, in relation to the influence of soil colloids on the avail- 
ability of salts, has been investigated by N. vE. Gordon and 
E. B. Starkey.^ 

R. Sokol has described a method for the determination of colloidal 
clay in soils.^*® F. M. Scales and F. W, Marsh’ ®® have studied the 
measurement of the concentration of soil suspensions by an optical 
method. 

Soil Reaction. 

Much confusion has resulted in this field from the fact that several 
distinct factors are concerned in the development of so-called soil- 
acidity, and these are not always clearly distinguished. 0. Lem- 
mermann and L. Fresenius emphasise this point, and distinguish 
three types of soil acidity : (1) actual acidity of the soil solution, 

Soil 8ci., lfl2SL 18, 173 ; J., 1^22, 427a. 

Ibid., 1922, 18, 433 ; J., 1922, 677a4 
’*6 J. Agric. Sci., 1921, 11, 450 ; 1922, 12, 372 J., 1922, 69.,\. See alflo 

J., 1920, 793a. - 

1922, 77t. 

J. Agric. Sci., 1922, 12, 383 ; J., 1023, 110a. e 

Soil Sci., 1922, 14, 1 ; J., 1922, 870A. 

Intern. Mitt. Bodmitunde, 1921, 11, 184 ; J., 1922, 829a. 

J. Ind. Eng, Chem,, 1922, 14, 52 j J., 1922, 263a. 
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due to the presence of acidi ; (2) latent acidity df v’eloped in the 
presence of neutial salts, due to the lAeratidH by basic exchange of 
readily hydrolysed ‘iron and aluminium salts; (3) lament acidity 
developed in the presence of “salts of weak acids with strong bases, 
the base being absorlied by the aoij colloids and the heid left. Soil 
acidity must be con^dered in re/ation to the manurial treatment. 
Soils may 'have little active acidity, but marked latent aeility. 
With such soils no injurious effect due to acidity is obser.rable 
unless dressings of salts such as potassium chloride are given.'*' 
The discrepancies observed between results of determinations by 
the various “lime requirement” methods depend largely on the 
fact that the principles of these methods involve the coming into 
aedion to different degrees of the above three and of othei factors. 
V. Vincent'*- has shown that the difference in the lime-requirement 
values obtained in njethods where calcium hydroxide and calcium 
bk^arbonatc are used is explicable by the fact that ferric hydroxide 
and hydrated silica are precipitated by the former, but not by the 
latter. E. A. Fisher'*^ emphasises the need for taking into account 
tlie buffer action of the soil, by determining the change of Ph ot 
soils on the addition of acids or alkalis, and stiidyirig the titration 
(“urve so obtained. The apparent pn of the soil, as determined 
eolorimetrically, is often influenced by the suspended matter 
])roscnt. D. J. Hcaly and 1). E. Kanakcr'** have used the Clarke 
hydrogcn-clectrodti, vessel for determining the hydrogen-ion con- 
c(‘ntration of fresh and air-dried soils. The latter give higher 
\ allies. Comber's test for sour soils has been used by R. H. Carr 
as the basis of a quantitative method for the determination of 
“ linu'-requirement,”'** while Comber has devised a simpler modifi- 
cation of his original test, using an aqueous potassium salicylate 
solution instead of alcoholic potassium thiocyanate.'** 

Soil Analysis. 

Mechanical and Physical. — G. W. Robinson'*’ has developed a 
new^ method for determining the mechanical composition of sbfls 
and clays, depending on the determination of the concentration of 
settling suspensions for different values of the ratio of depth to 
time. The method gives results in good accord with those obtained 
by the present standard English method for the soils so far 
txkiained (palaeozoic soils devoid of lime). The suitability for 

Z. Pfianz. Dung., 1922|(A), 1 , 12 ; J., 1922, i84A. 
rend,^ 1922, 175, 1232; J., 1923, 194a. 

Nature, 1921, 108 , 306. See also E. M. Crowther, Trans. Faraday Soc., 
1922, 17, 317. 

^^^SoilSci., 1929 ; 18 , 323 . 

J. Ind. Eng. Ckem., 1921, 13 , 931 ; J., 1922, 25a. 

'** J. Agrk. Sci., 1922, 12 , 370; J., 1923, 110a. 

Ibid., 1922 , 12 , 306 ; J., 1922 .^ 90 a . 
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geneiral use of the method, yhich is rapid, in marked contrast t6 
the tediousness of the ‘old method, is being critically examined at 
Rothamstefi. The same author^®® has shown that a considerable 
proportion of th« organic matter in humus pils can be oxidised 
away by the use of hydrogen perpiside, with a minimum of change 
to the mineral part of the soil. After such tr^tment, much higher 
“ clay ” figures arc obtained than by the standard method of 
mechanical analysis, since in the latter the compound particles 
of a humus soil are not entirely broken down. C. L. Whittles^®® 
has discussed the classification of soils on the basis of their 
mechanical analysis, and has introduced a method of plotting 
the mechanical composition of soils in triangular co-ordinates. 
The lormation of layers in clay suspensions has been studied 
by E. Ungerer,^®® who concludes that in any layer the particles 
are of uniform size, the space between the layers containing particles 
uniformly dispersed, and from the rate of rise or fall of the layers 
the size of the particles may be calculated according to Stokes’ 
law. B. A. Keen and H. Raezkowski^*^ have described a simple 
method for measuring the following properties of a soil : real and 
apparent specific gravity, pore spa^e, water absorbed by unit 
volume, and volume expansion on saturation. The specific gravi- 
ties vary inversely, and the other values dkfectly, as the clay content 
of the soil. 

Chemical Analysis . — The shortcomings of our'Jiresent methods of 
chemical analysis of soils, in so far as they are intended, and not 
infrequently fail, to supply informati«/n as to the cropping power 
and manorial requirements of a soil, are by no means entirely the 
fault of the chemist. They depend more on the facts that the 
science of the soil is still in its infancy, or perhaps rather, its 
adolescence ; and that our knowledge of plant nutrition does not 
yet enable us to say what are the minimal concentrations of the 
nutrient elements in the soil solution, below which the roots are ^ 
incapable of absorbing them, nor how these values vary from, 
one crop to another. 

K. A. Vesterberg ^®2 discussed this aspect of the subject. On the ^ 

assumption that the root absorbs nutrient ions “ osmotically,” !' 
he estimates from available data on the composition of drainage 
water, etc., and from considerations of the probable mode of assiini- 
lation of nitrogen, phosphorus, anfi potash in the plant, that flie 
‘iSMimal ooncentratibns of these elements in the soil solution, to 
ifilow of growth, are nitrogen 2-5 parts per million P.O. V-2 -narts^ 

'I ^ 

Ibid., 1922, 12, 287 ; J., 1922, 990a. 

1922, 12, 166 ; J., 1922, 611a. 

1®® Kolloid-Ghem. Beihefte. 1921, 14, 63. 

J. Agric. Scl, 1921, II, 441 ; J., 1922, 70a. 

VU 1®* Jn<^. Mitt, Bodenkunde, 1922*12, 11. 
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per million, 10-20 pa^s per million. These values are much 
lower than those deduced earher by BindellV® from other considera- 
tions, and they are only put forward tentatively, recognising that 
they will vary for different xjrops, climate, etip. , Emphasis is laid 
on the need for mcr* work on thii^ question, since before soil analysis 
can be expected to give results of value, it is necessary to know what 
tlie plant'^ requirenfents are. When these arc known, it will be 
necessary to find, for any soil, whether it can give the required con- 
centration in the soil solution, and whether it can maintain it. 

The question of absorption and basic exchange in soils, which 
has an important bearing on soil fertility, and methods of measuring 
these properties are still attracting much attention. J. Hissink’s 
valuable paper, referred to in last year’s report,^ has now appeared 
in a German translation,^®^ and is thus now more widely available 
for the detailed perusal it deserves. E. A. Fisher ^®* in this country, 
and A. von Nostitz^®’ in Germany have reviewed the present 
state of knowledge regarding absorption and basic exchange in 
soils, and the latter has shown how potash starvation may result 
from the displacement of potash from a soil by basic exchange 
with ammonium nitrate, followed by leachirtg. • » 

0. M. Shedd^®® has descrioed an improved method of estimation 
of total calcium in soils. H. B. Christensen and N. Feilberg^®® have 
modified Mitscherlich’s cobaltinitrite method for the determination 
of potash in soils, and claim that for small quantities it ismow more 
accurate than th(? chloroplatinate or perchlorate methods. The 
use of crucibles of silica instead of platinum for the determination of 
total potassium in soils by the fusion method has been described 
by t). 8, Jones and J, C. Keeder.^’® 

0. Brioux^’^ has made a comparison of the Dyer and Schloesing- 
de Sigmond methods of estimating the “ available ” potash and 
])hosphate in soils, and concludes that the latter method is better 
adapted to give an indication of the need for phosphatic manuring, 
especially with calcareous soils. The determination of sulphates 
in soil has been studied by C. T. Hirst and J. C. Greaves, who 
have investigated the' sources of error and have compared the 
gravimetric barium method with the volumetric chromate method. 
Very small quantities of sulphates can be detected more easily 

iw Verliandl. Agrogeol.-KonferenZt Stockholm, 1910, p. 103. 

1®^ See Ann. Repts., 1921. 6, 416. 

Intern. Mitt. Bodenkunde, 191>2, 12, 81. 

'«® Trans. Faraday Soc., If22, 17, 305. 

J^Landw., 1922, 70, 46 ; J., 1922, 678a. Mitt. deut. landw. Oes^^ 
1021, 80, J008. '• 

Kentucky Agr. Expt. Sta. BiiU. 236 (1921) ; J., 1922, 661r. 

Landw. Vera.^^t., 1921, 97, 27. 

1’® Soil Sci., 1921, 12, 419 ; J., 1922, 26a. 

C. Brioux, Ann. Sci. Agron., 1922, 39, 82. 

^f^Soil Sci., 1922, 18, 231 ; J., 19*2, 611a. 
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by the latter method. P. Emei-son^’^^ias introduced an improve- 
ment in the phenoldifulpho/iic acid method of determination of 
nitrates, for soils giving coloured extracts. Collins’ calcimeter 
is often used fon the estimation of darhonates and, according to 
L. A. Sayce ahd A. Crawford, it is well ada{)ted to this purpose 
when an accuracy of 0*l-~0-2%‘is sufficient,^ .is it usually is for 
routine soil work. A. Oehring^’^ has descrilJed a wet-comhustion 
method for the determination of carbon in soils, whicli does not 
appear to differ in any essential feature from the methods 
commonly in use. In soil analysis it is often assumed that 58% 
of carbon represents 100% of organic matter. This is, of course, 
only a rough average figure, of no exact significance ; J. W. Read 
and H. H. RidgelP’® show that for thirty-seven different American 
soils the value varies between 30-20 and 56-27, the average being 
49-27%. 


Biological Examination of SoiU. 

The biological examination of soils, although not strictly coming 
within the purview of a chemical report, is so intimately connected 
with the chemical side of soil fertility that a brief treatment of 
recent work on the subject is not out o^ place. 

A standardised agar medium for counting soil bacteria has been 
developed at Rothamsted by H. G. Thornton.’’’ R. A. Fisher, 
H. G. Thornton, and W. A. Mackenzie”® have c^arried out a critical 
statistical investigation into the accuracy of the plating method of 
estimating bacterial numbers, and haA* found that with Thornton’s 
medium accurate results can be obtained, although excessive 
variance may sometimes be caused by certain organisms. In the 
United States, the method of determining the number of micro- 
organisms in soil tentatively adopted by the Society of American 
Bacteriologists has been described by S. A. Waksman,”® who 
has also discussed the errors in bacterial counts, and their 
elimination.^®® 

The same author has described two media on which soil fungi, 
but neither bacteria nor actinomycetes, will grow,^*’ while H. J. 
Conn’®^ has devised a simple method of demonstrating the presence 

”3 Soil ScL, 1921, 12, 413 ; J.,19222, 2r)A. 

1922, 67t. 

final C^em.,fl922, 61, 273 ; J., 192?, C41a. 

Soil ScL, 1922, 13, 1 ; J ., 1922, 263a.’ 

1” Annals Appl Biol, 1922, 9, 241. 

”8 Ibid., 1922, 9, 325. ^ 

S, A. Waksman and E. B. Fred, Soil ScL, 1922, 14, 27 ; J., 1922, 8d9A., 

18? S. A. Waksman, ibid., 1922, 14, 81 ; J., 1922, 869a. 

1“ Ibid., 1922, 14, 163 ; J ., 1922, 949a. 

1922, 14, 149 ; J.. 1922, 950a. 
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of lungai myceuum and of Actinomycetes filaments in soil. Frag- 
ments of mycelium ai e widely found, liiough^ot in great amounts ; 
they are more frequent in soil containing undccompo^ed organic 
matter. 

Partial SterilUaiion of Soil. 

G. Riviere and G. Pichard^*^ have obtained 20-.50% increase‘s in 
crops of potatoes, oats, and wheat, from the use of sodium arsenate 
at the rate of 2-4 grams per square metre (19-36 lb. per acre) ; a 
dressing of 95 lb. per acre injured the crop. Their results have been 
confirmed by R. Ciferri^®* for wheat ; this author also obtained 
similar results with sodium arsenite. From the increased bacterial 
numbers resulting from the treatment, it appears tfiat th^ iction 
is at least in part due to partial sterilisation, and not merely to a 
direct stimulating effect of arsenic.' There would, however, appear 
1,0 be little chance of the practi(;al adoption of this method of partial 
sterilisation, in view of the risks attendant on the poisonous nature 
of the agent, and also on account of the possible accumulation of 
arsenic in the crops produced. 

The use of cresol, dichloro-cresol, and other aromatic substances, 
for partial sterilisation, has been studied.'**® 

'•*=* Comptea rend., 1922, 174, 49:i'; 1922, 225a. 

CoUivatore, 1922, Nos. 32-34 (Nov. 20 and Dec. 12). 

J. Stewart and E. S. Smith, /Soil ScL, 1922, 14, 119; J., 1922, 950a. 

T. Parker, A. W. Long, and J. S. Mitchell, Bull. Bur. Bio-Tech., 1922, 
No. 5, 134 ; J., 1922, 338a. 



5UGAES, STARCHES, AND GUMS. 

By James P. Ogilvie, A.I.C., 

Cmsultirtg Chemist ^ 2, St. Dmistan\s Hill, London, E.C. 3. 
SUGARS. 

Statistical . — Probably the most strikirig feature of the yoar 
1922 in the commercial sugar world has been the way in which 
consumption has^ overtaken production. In July, 1920, it was 
discovered that there was, after all, more sugar in existence than 
was wanted by the public, and a’ slun^ took place in the record 
prices just previously reached {viz., 23 cents, per lb. for Cuban 90® 
raws), causing what was perhaps the most serjpus crisis the industry 
has ever experienced. For some time after that date, production 
remained ahead of consumption, with the economic result that 
sugar was sold at a price unremunerative to ,the producer, and 
the industry had to carry on as best it could, with a minimum of 
expenditure for renewals and repairs. The year 1922 started with 
little prospect of early improvement. On January 1st the total 
cairy-over of unsold and refiners’ stocks (refined sugar basis) was 
’no less than 2 million tons, or roughly 12|%'of the world’s average 
consumption then obtaining. Of this amount Cuba was credited 
with H million tons, nearly all of which was from her 1920-21 
crop ; and the prospects of getting rid of this surplus, as well as 
the new (1921-22) crop, were anything but bright. A prominent 
New York sugar statistician at that time expressed the opinion 
that January 1st, 1923, would see a surplus of at least IJ million 
tonft. 

* But. these anticipations proved at fault ; the demand for sugar 
all over the world rose unexpectedly^, and the huge Cuban sto^ 
were so heavily drawn on that by the end of June all tiie old ©rbp 
and two-thirds of the new one was sold. The United States “Wfore 
the principal absorbers. The American capita consum]^oft 
rose during the first qix months of the year to 1201b. per, h^> 
equal to 5,787,000 tons ; and* for the year ending December, fW 
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last, the consumption of the Uiited S^atjs was as much as 5,092,758 
tons. The demand for sugared drinks in lieU of alcoholic liquors 
has certainly had a great deal to do with this augmented Consump- 
tion, but there is no doubt that the American ‘cdhsumption was 
bound to rise, given a reasonable pfice for this article of food. The 
United Kingdom consujjiption has also shown a satisfactory increase, 
having reached 1,604,640 tons for 1922, as compared with 1,338,626 
tons for 1921. It would have been higher still but for the fact 
that there is a stiff duty of 2|d. per lb. in existence, which virtually 
doubles the price of the article to the consumer. 

The effect of all this absorption of existing stocks is shown by 
the comparatively small amount of the carry-over on January 1st, 
1923 (exact figures not yet to hand). The world’s supply of 
sugar, beet and cane, for 1921-22 is put by Willett and Gray at 
17,461,668 long tons. That of 1922-23 will be about the same, 
preliminary estimates suggesting an increase of 396,000 tons. It 
is clear then that the production for 1923 is going to be none too 
much for the demands of the world’s consumption, and if the latter 
increases further, there will be an actual shortage before the 1923-24 
crop comes on the market. This shortage would*be reflected by a 
further rise in prices which '’.•^ould stimidato production. Be that 
so or not, the one satisfactory fact is that the sugar-producing 
industry has been placed on a remunerative basis once 
more. 

The Cane SpoAR Industry. 

Extraction of the Juice . — Formerly it was usual to pass the cane 
directly into the first of the series of three-roller crushing units, 
constituting the milling installations of the sugar factory ; but 
it is now recognised that in order to realise the highest extraction 
of the sucrose the hard rind of the cane must previously be reduced 
to a fine state of division. During the period under review, some 
attention has been given to appliances for effecting this preparatory 
treatment, such as crushers and revolving knives. Crushers 
ct)!isi8ting of two rollers, the surface of which is corrugated or 
grooved, according to varied designs, so as to split the material into 
fine pieces, are widely used, and improvements in such “ figured ” 
surfaces Have been protected by L. G. G. Dibbets,' the N. V. de 
Nedeilaadsch-Indische Industrie,® ^and by the Machinefabrtek^ 
Biaat.® Revolving knives, fyed to a horizontfi shaft by some 
means or ojher, and rotating in a vertical plane, so as to slice the 
are iiow installed* in factories in the Territory of Hawaii and 
the Philippine Islands with successful results, serving the double 

^ Butch P. 3556. 

B.p. 4470. 

** B.P, 4947. 
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purpose of disintegrating th^ stalldj and of levelling the mas« of 
material passing into the if<vo-roller crusher or the three-roller mill, 
an even feed, and consequently an increased rate of grinding, being 
thus made poisible. Formerly mdch trouble was experienced in 
the use of such cutting appljavces, owing uo frequent breakages, 
while another hindrance to theft more extended application was the 
difficulty involved in detaching the blades for re- sharpening. Good 
progress has now been made in overcoming both these disadvan- 
tages, and for the mechanical details of such recimt improvements 
the reader is referred to the patent specifications relating to the 
inventions of A. M. Simpson^ and C. J. H. Penning, ^ particularly 
that of the htter, who has provided a strong device from which the 
blades may conveniently be removed during a stoppage of the mill, 
so as to permit sharp ones being rapidly substituted in their place. 
Sometimes the shaft carrying the knives is driven by belt directly 
from the mill engine fly-wheel, but more usually by an electric 
motor ; and J. L. Kenton* reports that at Ewa Plantation, T. H., a 
set of C8 Mcineckc blades (a former type) vas found capable of 
cutting 00-80 tons of cane per hour, using a 100 h.p. motor. Regard- 
ing file rdle of revolving knives in the modern milling installation, 
as the result of these recent improvements it may be now compared 
with that played by the shreddef.’ fact, it is claimed that two 
sets of about 70 blades each are capable of almost the same per- 
formance as the Searby shredder at a very much lower cost and up- 
keep, and also at a lower expenditure of power. It would therefore 
appear that this mechanical innovation is well worth the attention 
of the sugar manufacturer desiring to improve his milling, in respect 
both of sucrose extraction and crushing capacity. 

Having been sub-divided by one or othei of these appliances, 
or by two working in conjunction, such as a shredder and a crusher, 
or revolving knives and a crusher, the cane passes into the milling 
plant proper. In order to convey the bagasse or crushed cane from 
one three-roller unit to the next in the train, steel slat endless belts, 
and similar types of conveyors have hitherto been usually employed, 
and have always been found to demand a certain amount of atten- 
tion ; but during the past two years much interest has been aroused 
by the satisfactory reports* of the use of the Meinecke chute.® 
This is simply an enclosed trough rising from one mill at an an^e 
of 35°-45°, and descending to the next at one of 30°-35°, the bagasse 
•issuing from th^ first mill beiiig pushed up the inclined surface, 

* U.S.P. 1,396,600. 

* E.P. 182,835. 

* Infem. Sugar J., 1922, 30. 

’ Ann. Repts.f 1920, 5, 390. 

* Intern. Suga/r J., M)22, 21. 

•U.S.P. 1.401.095. 
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and falling from the apex regillarly aid readily towards the succeed- 
ing crushing rolls. Entire absence ’of •moviag parts, economy of 
construction, and durability, are the obvious advantages of such 
a device, compared with ihh mechanical conveyors at present 
in use; while its* efficiency ifojr installations iii which the 
individual mill units are comparatively close together, 
has now *been demsively demonstrated in a number of 
factories.’® 

In the operation of extracting the sucrose by multiple mills, 
crushed fibre retains a greater or less amount of juice, and a p t 
is reached at which pressure fails to expel any more liquid m 
modern practice, therefore, a system of applying water to^thc 
ci'ushed liagasse, in order to dilute the retained juice, is followed ; 
and in an installation having four three-roller units the procedure 
may b(^ to spray ccM water upon the cane issuing frf)m the third, 
and to return the weak juice expressed by the fourth to the second 
unit. Perhaps also the juice from the third might be sent back 
to the first unit, or other modifications might be adopted ; while 
sometimes hot water is used, the advisability of which has been 
discussed recently by M. Bird,” and by J. N. ST Wimatns.’* One 
of the problems engaging the attention of the sugar factory chemist 
is to establish the amount oP this so-called maceration water 
w hich may be profitably employed, since against the^ increased 
amount of sucrose extracted by an additional quantity of water 
must bo placed the cost of evaporating it from the juice finally 
collected. H. Walker has published a contribution to this impor- 
tant question, in w'hich in the particular case of a factory haying 
four throc-roller mills he gives calculations and tables showing • 
the increased extraction which may be realised by increasing 
amounts of maceration water ; the cost of evaporating the increased 
;i mount of water added ; and the profit or loss that may thus 
(Misue with sugar at different market prices. Such statements of 
results, though they have a certain general bearing, will, of course, 
vary greatly according to the nature of the cane ground, and the 
design of the factory, and will also depend on the circumstance 
whether it is necessary for the factory to purchase coal or oil to 
supplement the bagasse used in the furnaces. Nevertheless, the 
data given by this writer are suggestive, and should prove of value 
to the chemist when considering the question as it applies to his 
]>articular factory. 

Clarification of the Juice.-$Modovn methods of treating the cane 
iifi outlined above, devolving disintegration and heavy multiple 

Intern. Sugar J., 1922, 22. 

” Ibid., 1922, 80. 

“ Ibid., 1922, 31. 

« Ibid., 1922, 183. 
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milling, and systematic exhajistion Ivith water, have resulted ih 
a greatly increased ejstractidn of the sucrose, particularly in Hawaii, 
where, in general, such improvements have been applied to a greater 
extent than elsewhere. In that* progressive suga'r-producing 
country, there are now severa). factories repdrting an extraction of 
about 99% of the sucrose origiiMly in the cane, and one^as high as 
99-4%,^^ a figure which demonstrates a really remarkable milling 
efficiency. But, as has been pointed out in previous reports,^® this 
intensive milling has a distinct disadvantage, namely, that the 
resulting juice is less pure than when by the use of the older installa- 
tions a more moderate extraction is obtained. Thus, S. S. Peck 
and others^® estate that, whereas the juice from the first of the three- 
roller units may have its sucrose, reducing sugars, ash, and “ gums 
in the proportion of 100 : 12*0 : 1-7 : 0-76, that from the second unit 
may show the figures 100 : 9-6 : 2-58 : 2-30, and that from the third 
100 : 9-6 : 2*61 : 7-82. That is to say, from the first to the second 
unit the ratio of gums to sucrose has increased 200%, and from the 
first to the third as much as 900%, which augmentation would have 
been even much greater had preparatory appliances, as a crusher or a 
shredfier, betm inAuded in the milling installation. A large increase 
in the ash is also shown in these figures. But it is the “ gums,” or 
rather the colloidal constituents *colle^ively, that constitute the 
most undesirable impurities extracted in modern milling, because 
it is these substances mainly that cause the viscosity of the syrups, 
from which the sugar is crystallised, thus aaverSely afiecting the 
yield. Moreover, they contribute to the colour of the juice, the 
S 3 Tup, and the molasses, and, generally speaking, are the source 
of more or less trouble in boiling, and not infrequently in centri- 
fuging as well. 

Results such as those just cited well serve to demonstrate the 
great desirability of concentrating on the elaboration of more 
'efficient methods of clarifying the mill juice* than are in operation 
at the present time, methods which shall have as their effect the 
elimination of most of the colloid impurities that contribute to 
colour and viscosity, and much of the mineral matter as well. 
As was mentioned in a previous report,^’ the three processes of 
clarification, viz.^ defecation, sulphitation, and carbonatation, 
which are largely used to-day, are all more or less inadequate as 
mevis of efficiently eliminating the colloids, though the* best 
results are given ^y the latter tin which the' greatest quantity of 
lime is employ^). The relative^ efficiency of these three 
methods in respect of colloid elimination haS been illustrated by 

1922, 32. 

A® Ann. Eepta., 1918, 3, 365 ; 1921, 6, 420, 

Intern. iStigar J., 1322, 140. 

” Ann. Repts., 1920, 5, 391. 
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W. D. Helderman and V, Khafciovsk^l^® in their study of the colloids 
which accumulate in the final molasses of J^va factories. From 
their computation of the colloid particles, these infestigators 
obtained figures showing that ihe number in miHioAS per cub. mm. 
present in the molassbs from factories applying the carbonatation 
process is •only about Jjfalf that counted in the case of the product 
from houses ‘employing the ordinary defecation process (in ^vbich a 
minimum quantity of lime is used, just about sufficient to neutralise 
the natural acidity of the juice). 

Recent work carried out in Louisiana, however, points to the fact 
that, as compared with the use of chemicals such as lime and sulphur 
dioxide, or lime and carbon dioxide, greatly improved rcsultg in 
res})ect of colloid elimination are obtained by the a])plication of 
eertain adsorbents. Thus C. J. GambeR® states that as small a 
quantity of decolorising carbon (“ Carbrox ’') as 12 oz. when added 
to the raw mill juice from 1 ton of cane, will remove a large propor- 
tion of the “ gums ” and about 75% of the colouring matter origin- 
ally present ; while J. F. Brewster and W. G. Raines,^® acting on 
the suggestion of F. W. Zerban,^^ have carried out^ trials in a factory 
in the same country on the use of kieselguhr, followed by decolorising 
carbon (“ Norit ”). These experiments also showed a greatly 
improved clarification, though * unfortunately the cost of the 
materials in the quantity required to give a sufficient effect appears 
generally to be such ^s to render the new procedure uneconomical 
in competition with the methods in vogue. It would, therefore, 
se(un that on6 of the most iipportant chemical problems before 
the industry to-day is the discovery of some means of eliminating 
the colloidal impurities' from cane juice, either by means of an 
cflicient and economical adsorbent, or otherwise. 

Efforts are being made also by the engineer to assist in solving 
the problem of the clarification of the juice by the invention of a 
filter capable of separating at least some of the gummy matter 
(after the suspended fine particles of cane, so-called bagacillo, have 
b(‘en removed by means of straining through fine gauze). It should 
I'e premised that the filtration of the raw juice through plate-and- 
frarne presses, or similar apparatus, is in practice impossible, owing 
to the rapid formation of an impenetrable layer of slime over the 
surface of the cloths. It follows, therefore, that the problem is a 
partit. idarly difficult one, so that it is of much interest to obstrve 
the way in which it has been approached by tvio inventors. W? 
Mauss^^ ha^ described a vacuum filter for the treatment of raw 

Iniem! Sugar J., 1922, 89 ; J., 1922, 226a. 

La. Planter, 1922,^9, 141. 

Jmem. Sugar J., 1922, 606. 

“ Ibid., 1920, 332, 643, 699 ; J., 1921, 21a. 

“E.P. 176,396, 177,067, 181,123; J.,*1922, 316a, 358a, 670a 
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juice, which consists (as Fie. |i showt) of two compartments, viz , 



the filtering tank, 3, and the cleafting >ank, 4. A scries of leaves, 
12 (dressed with cloth), is 8upi>oried by a hollow shaft, 9, capable 
of oscillation. As the leaves in the tank, 3,^ become clogged, the 
supply of unfiltered liquid is gradually decreased, being entirely 
shut off when the outflow has fallen to a pre-determined limit, 
at which point a motor oscillates t’he shaft, 9, causing the leaves 
to swing over into the cleaning tank, 4, where the colloidal deposit 
is detached from the filtering surface by a thin continuous sheet of 
water, impinging at a slight inclination to the surface of the leaf at a 
very high velocity, the leaf and the nozzle supplying the sheet of 
‘water being moved relatively past one another Steam may also 
be admitted to the interior of the leaves. This cleansing operation 
accomplished, the leaves are swung back into the liquid in the 
filtering tank, 3, suction is resumed, and filtration is continued. 
It is thus seen that during most of the time in which filtration is 
actually taking place, the liquid will be passing through a thin 
layer of colloid matter on the surface of the cloths, so that, m 
addition to fine particles of bagasse and other solid matter, a 
certain proportioij. of the colloidfe of the raw juice (though probably 
not a' high one) should be eliminaUd in this way. The second 
inventor, R. Vachier,^* also uses a filter leaf^ but operate it under 
pressure, the plates being made of wire cloth, while a means ^ 
removing by scrapers the layer of colloid mattipr when it has reached 

E.P. 181,123 ; J., 1922. 676^. 

^*§lntem. Suga/r J.t 1922, 211, 270, 664. 
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a certain thickness (about J in|) is provided. This filter is reported 
to have been successfully operated m two sijgar factories, one in 
Louisiana and the other in Porto Rico, though details of the 
results claimed have not ^yet appeared in ^ print. Other 
inventors, such as Ii. J. Martel, are attacking the difficult 
problem gf the filtration of thft 'entire juice from the mill ; 
but in passing it mify be observed that no one seems yet to 
have studied the application of Plauson’s colloid filter to 
raw cane juice, and a trial in this direction surely appears well 
worth making. 

An alternative procedure to filtration through cloth or other 
medium is treatment in some type of machine, in which by means 
of centrifugal force the solids are tlirown to the periphery an 
imperforate drum, while the clear liquor in the cej\tral portion is 
discharged in some convenient manner. Many attempts have 
already been made in the cane sugar industry to utilise this principle 
in the case of raw or limed juices ; but hitherto, owing to a variety 
of reasons, largely to the slimy nature of the substance separated, 
success does not yet appear to be won. It is, however, now possible 
to record some progress made in this direction. <• Using a continu- 
ously operating machine of a novel and attractive design, invented 
also by W. Mau8s“® (for the uiDohanicai details of which the reader 
is referred to the patent specification), W. A. Caldecott**^’ found in a 
factory in Natal, that 96*6% of the solids and bagaciUo originally 
present could by this*means be eliminated rapidly and conveniently. 
This is of course a considerably better result than would be obtained 
by any system of screening, and means the production of a juice 
which can be much more easily and completely clarified by the 
defecation, sulphitation, or carbonatation method than ordinarily. 
It would now be of interest to read of trials made with this 
machine for the purpose of treating the juice after it has 
been limed. A svstem as this of removing the insoluble matter 
from the raw or limed juice by centrifugal force would 
greatly facilitate the task of clarification, especially if con- 
tinuous ; and, if truly practicable, would constitute one of 
the most important advances possible in the science of sugar 
manufacture. 

Certain of the other stages involved in clarification are probably 
susceptible of some improvement so far as mechanical details are 
concerned. Once again W. Mausp**® has applied his ingenuitjf, and 
has in fact elaborated a scheme for the operatiod of the sulphitation 
process aJhaost aut«ipatically throughout. Juice from the miU, 1 

1921, 641. 
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(see Fig. 2), passes successively to a (pontinuous sulphuring appair* 



atus, 14 ; the water-wheel, 51 ; the liming t^nk, 15 ; the heater, 
172> ; the filter, 18®® ; and lastly, the pipe 20, which conveys the 
resulting clarified juice to the evaporators. Water is supplied from 
the tank, 21, for washing the insoluble matter in the filter, 18, and 
the centrifugal, 3, while the separated solids from the latter machine 
are discharged into the tank, 33, and rewashed in the centrifugal 
machine, 36, the liquid from which is used for the maceration or 
exhaustion of the cane undergoing crushing in the mills. Those 
knowing the refractory nature of the juice of the Uba cane, with 
which this engineer is working, will probably agree that this scheme 
is an ambitious one. Nevertheless, results of its operation will be 
watched with a good deal of attention by all, and especially by 
.those clarifying juices more amenable to treatment than those 
extracted in Natal. 

Lastly, under the heading of the clarification of cane juice it 
may be mentioned briefly that the Petrec process described An % 
previous report,®^ has now been installed in a number of factories' 
in different parts oS’ the world ; that I?. A. Bour ®® has again call^^ 

^KP. I7;j,709 ; J., 1922, 163 a. 

E.P. 176,395 ; J., 1922, 315a ; E.P. 181.123 : J.. 1922. 676a. 
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attention to the^mportance o^sing lime of good quality for clarifica- 
tion ; and that E. Wuthrich®* has reported excellent results with 
the use of the carbonatation process in Natal. ^ 

Evaporation of the Juice . — /fter having becn^ verified, the juice 
containing 12-18% (/ total sobers is concentrated in a triple or 
quadruple^ effect evaporator to a syrup of 50-60% (50°-60° Brix). 
Previous to ^evaporatidhi, it is more or less clear, depending on the 
method of clarification which has been applied ; but as the water 
is (‘liminated certain inorganic impurities, which were soluble in 
the dilute liquid, gradually separate , out. Part of these deposit 
on the heating surfaces of the evaporator ; while the rest remains 
in suspension, later to be allowed to precipitate in the syrup storage 
tanks, or sometimes to be separated by filtration, ^ince c5\4?n a 
thin deposit of scale inhibits heat transmission to a marked degree, 
a good deal of attention has always been directed by investigators 
to the cause of its formation. It has been established that its 
coiiiposition varies according to the particular vessel of the multiple 
(effect evaporator from which it is detached. Present opinion on the 
matter is that the formation of an incrustation on tho heating 
tubes must be regarded as inevitable, though •apabie of (iontrol 
to a certain extent by the use of lime of high purity, as has again 
])e(‘n emphasised by E. Wuthrieh,®^ and of course also by working 
with juice which has been freed from suspended matter by careful 
olarilication. 

Although the incAistations resulting from the evaporation of 
juice clarified by the defecation, sulphitation, or carbonatation 
))i()c-ess have been closely studied, hitherto the opportunity has 
never arisen for the ej^amination of the ])recipitate thrown out of 
solution after treatment with the method of purification involving 
the use of decolorising carbon. J. F. Brewster and W. G. Raines,®® 
when applying this new mode of working, have observed that no 
matter how brilliant t-hc juice may have been before evaporation, 
a certain amount of precipitate containing a high proportion of 
silica invariably appears when its concentration has reached a 
cia’tain degree. This was an unexpected result, as heretofore it 
has been taken for granted that the constituents of the deposit 
were mainly derived from the chemicals used in the particular 
process of clarification adopted. In the case of clarification with 
decolorising carbon (“ Norit ”) alone, this could hardly be so, 
he(jaii.sc only about 1 % of this preparation was added, and its fot^l 
ash content does not exceed ^5-7% as’ a rule (beft>re revivification). 
V. Rirckn(jr®' had pj’eviously made the same observation, and in 

Ibid., 1922 , 24 (). 
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order to prove that the constituents the scale were not derived 
from either the decolorising carbon or the kieselguhr, which had 
been used .in conjunction in his experiments, these materials were 
extracted repea/^edly with an artificial cane juice. A negative 
result was obtained ; and this chemist consequently expressed the 
opinion that the formation of the precipitate is to be attributed 
mainly to “ factors inherent in the juice itself.” , 

A more definite explanation has, however, been reached by J. F. 
Brewster and W. G. Raines,^* who, using juice milled from washed 
and unwashed cane, obtained significant results. Juice from cane 
from which all mud and earth had been carefully removed previous 
to milhng gave precipitates which contained appreciably less 
mineral matter than ordinarily, leading these authors to the belief 
that the formation of a deposit during evaporation is to be attributed 
quite largely to the introduction of colloid substances from the dirt 
adhering to the cane, though also in part to substances present in 
the juice itself, and to some extent also to the chemicals added 
when the defecation or sulphitation methods of clarification pje 
applied. 

Yet^anothtir useful contribution to our knowledge of this irregu- 
larity is made by M. Bird,^® as the fesult of work done in factories in 
British Guiana. This investigator no^ed the high proportion of 
silica present in the precipitate separating from syrup in the evapora- 
tors, an observation which led him to turn to the statement made 
by C, Midler,^® that cane juice contains orgaho-silicious compounds 
in the colloidal state, capable of being destroyed by heating to about 
248® F, (120® C.). Bird has put this idea into practical effect by 
preliminarily raising the temperature of the raw juice as high as 
was possible in the tubular heaters at his dispo‘=5al, viz., to 220° F. 
(104® C.), when a precipitate presumably containing a large amount 
of silica resulted, and was separated by straining through lOO-mesh 
•gauze. Subsequently clarification was canfied out in the usual 
way, but it was found that only a third to a half of the quantity of 
lime ordinarily required to produce the usual effect in clarification 
was necessary. A sufficient amount of sugar (about 2000 tons) 
was made by this procedure to prove to the mind of its originator 
that it had exercised a marked influence on the quality and also 
on the yield of the product, the result finally being a molassos 
which in purity was several degrees lower than had ever^boen 
obtained in the particular factory in which the modification has 
been instituted. This method of ^working, therefore, appeaw 
promising. Now and again the observation has be^ ^ 

different countries that the amount of incrustation seebis t^^ vary, 
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ceteris paribus, according to ^he variety of cane ground ; so in 
factories where this may be the case it wouM probably be worth 
while pursuing Muller’s suggestion further by carrying f)ut deter- 
minations of the wilica content of the stalks,* of* the raw juice 
extracted, and of the^juice after heating to a high temperature. 

Althouj^ the adoption of Bird’s modification may be expected 
to result in ^n appreciable diminution in the amount of pcale, yet 
its formation can hardly be obviated entirely, since other constitu- 
ents than silica enter into its composition. Means for its removal 
will still have to b(5 considered ; and at the present time treatment 
with sodium carbonate or sodium hydroxide (a solution containing 
about 2 ^ 0)5 followed by hydrochloric acid (1%) is v«ry generally 
uschL J. W. Donald'^' now makes the statement resulting from his 
exjierience in factories in the Territory of Hawaii, that a hard 
iiKirustation may be converted to a slime by allowing it to stand 
(luring I 5 days ki contact with a com]>aratively strong solution of 
(uiustio soda (13-25%), the usual treatment with hydrochloric acid 
b(‘ing then unnecessary ; while H. S. Walker^- says that he has 
obtained good results by boiling out the eva])orator for half-an-hour 
at atmosplieric pressure with caustic soda (10%), Wpt^^ing, tfirning 
on steam for half-an-hour, boiling out with water, and finally with 
dilute acid. On the other hand, there are technologists who assert 
tiuil su<;h chemical methods are inferior in respect of cost, speed, 
and efiicdency to mt^chanical means ; and, whether this view be 
g('ii(Tally a(5oepted or not, it may be noted that the scraper invented 
by 11. W. Taylor^'* is reported to be giving very good results in 
South Africa, Mauritius, and Demarara. 

Boilimj to grain, a^id finishing. — In making raw sugar which 
sij])s(‘quently is to be refined, the syrup emerging from the multiple 
eircct evaporator seldom undergoes any treatment for the elimina- 
lion of the precipitate which has formed during its concentration 
otIi(;r tliari being .dluwed to stand in the vacuum supply tanks 
(often, it may be added, for an insufficiently long time). Usually 
the syrup is too dense for a satisfactory subsidence, and a more 
(dlicicnt and convenient treatment is greatly to be desired at this 
f^tage, since trouble in crystallisation, and later in separating the 
grain in the centrifugals, is sometimes to be traced to the presence 
of suspended solids. On the other hand, in white sugar manufacture 
the use of a perfectly brilliant sjTup for crystallisation is an absolute 
'■'O?? qud non., if a product of the highest grade for ^irect consumpticai 
IS thf; object in view ; and tke means of realising this at the present 
time is S^*,filtratioif through bag, leaf, or plate-and-frame presses. 
H(^re again the importance of the elimination of the colloids is seen, 
• 
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foJ unless clarification has be#n sufficiently thorough to get rid ^ 
most of the “ gums^’ (as, 'for example, when the carbonatation 
process has been applied) filtration at this stage is a comparatively 
troublesome and .^ow operation, arid indeed often an impossible 
one. It follows, therefore, , ii the defediiion or sulphitation 
methods have been used for the treatmen"^ of the juio.?, that in 
order to make filtration possible at this stage somt- process of 
clarifying the syrup (and of thus eliminating a further proportion 
of the colloids) must be applied. Perhaps the most convenient, 
efficient, and economical procedure which we have at present for 
this purpose is that known as Bach’s process, to which allusion 
was made in, a previous report.^* Milk of lime at 15° Be. (in the 
amount of 2-3% by vol.) is run into the cold liquor and sulphur 
dioxide passed in at the same time, the reaction adjusted to neu- 
trality to j)}ienolj)hthalein, and the temperature raised nearly 
to boiling point. Filtration through cloth in plate-and-frame 
presses follows, the result being a brilliant and light-coloured syrup, 
from which a good white sugar can ultimately be obtained. B. 
Block has pointed out that in the application of this sulphitation 
proceaj the dhlciufli sulphite is precipitated from syrups of 55° Brix : 
and 88°-89° purity in the form of s^ierical crystals of only about lya 
whereas when the same method bf simultaneous liming and sul- ' 
phiting is performed with juice at about 15° Brix, the crystals ai'e 
larger, namely about 3-4/-t. There is a qiyintity of plantation 
white sugar imp<^rted into this country which unfortunately just 
falls short of the necessary appearance demanded by the grocery 
trade, and in consequence realises a lower price than might otherwise 
be the case. Its principal defect is the presence in it of a compara- 
tively high amount of insoluble matter, entrained during crystallisa- 
tion from an unfiltered syrup ; and the attention of the manufacturer 
of such grades is directed to the advantages of Bach’s process. 
Tt is economical in operation, no special plant other than a sulpliur 
oven and some additional tanks being required ; the routine is 
reasonably simple, demanding but little extra supervision ; while 
further the cake of calcium sulphite which is obtained in the presses 
can be washed down to a low sucrose content quite readily. Alto- 
gether, therefore, this seems a practical process, one which is worthy 
of close consideration by all concerned with the problem of syrup 
filtration. « 

, Returning to raw sugar production, it may again be pointed out*® 
that the mc'thod cS‘ taking off successite crops of crystals from the 
syrup, the first and second mother-liquors, find perhapS also the 
third, is being practised less and less. It is wasteful of time, 

' « Ann. Eepts., 1919. 4, 389 ; and U.S.P. l,104,o55 ; J., 1914, 935. 
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labour, and steam ; and anq|bher cc^ideration is the difficulty of 
marketing the impure last crops of crys^ls, that is, sugars polarising 
only 85-90%. Now-a-days the system of “ boiling-in*” the first 
and second mother-liquors with the purer syru}> .coming directly 
from the evaporators, ^followed by §o-called cry stallisatfon-in- motion 
for the exhaustion of the last inolAsses, is very largely adopted. 

There art^ numerouS modifications of this “ boiling-in sv.^^tem 
in operation, and the choice of any particular one is controlled by a 
number of conditions, two of the most important of which are the 
initial purity of the syrup, and the arrangement and capacity of 
the existing plant of the factory. H. S. Walker^’ has suggested 
that it would be desirable that a standard system shouVi be adopted 
hy the factories in Hawaii, and a careful consideration oi the 
niethods in vogue elsewhere has led him to suggest one in which 
tlie process of de-saccharification is performed in three stages, 
mijnely : (a) with evaporator syrup and low^-grade sugar (from 

the last molasses), the grain formed being built up by the addition 
of further syrup, and also some liquor obtained by the re-melting 
of low-grade sugar, but without the use of any molasses , (b) with 
syi up and low-grade sugar as previously, but fintshin? by dfawing 
in all the molasses resulting from the centrifuging of the magma 
(or massecuite, as it is cafied; obtained at the end of stage (a ) ; 
and (c), again starting wnth syrup and low’^-grade sugar, and finishing 
hy drawing in all the molasses from stage (6). Lastly, all the. 
niolasses from stage \c) is boiled to grain, and discharged into the 
crystallisers-in-motion, where, while being slowly cooled and gently 
agitated, a further deposition ‘‘of sugar on the existing crystals is 
effected, and the molasses finally exhausted as far as is possible 
with tfie methods of clarification at present in use. 

On the whole, this system of boiling appears to have been favour- 
nbly received. Thus A. Fries" states that he has already used one 
essentially similar with satisfactory results, finding it to be eco- 
nomical in respect of labour and steam, and, further, to posses the 
advantage that (contrary to certain other systems) the re-bom^ of 
molasses is brought to a minimum. H. P. Beveridge, R. J- “ic 
mond, and others" have also commented upon it appreciatively. 
In general, the method would appear to offer several distmct advan- 
taw's over that now largely used in the Territory, in which syrup and 
mola.sse8 are boiled together in such proportions as to give attest 
massecuite of one purity ratio, w*., the cnticism ag^sj; 

si'ch a procedure being that^iore molasses is k(^t m cmculation, 
Jiiul iii cojiliequencc,*the boiling mass is more viscous, t e 7^® ^ 

•mgac is Wer, and the vacuum pan capacity required is greater than 
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would otherwise be the case. lOn th^ other hand, a possible objed- 
tion to Walker's prQposal immediately occurs is that three 
grades of^sugar are made, whereas a raw sugar polarising about 
96% is the pro/iuQt demanded by the buyers, viz., the refiners in 
the United ^States. However, th^s obstacle t?. its adoption does not 
really exist, since it is easy to adijust conditions so that tl^e polarisa- 
tion of the three grades does not vary bey one? the extreipes of 95 and 
97%, as experience with the process in making a large quantity of 
raw sugar has proved. 

Turning to the technique of the actual operation of boiling the 
content of the vacuum pan to grain, it is of not a little interest to 
note that a ^number of managers in the Territory of Hawaii are 
employing the method of “ seeding ” the supersaturated solution 
by drawing in white powdered sugar, an innovation which was 
recorded in a previous Report.'^® Thus U. Giacometti,"’^ using 
about 1 lb. of the fine crystals per 1000 cub. ft. of liquor in the pan, 
found that the resulting grain formed is certainly more uniform, 
and also appears more readily, than ordinarily ; while R. C. Pit- 
cairn^2 obtained improved results from the application of this 
method to •iow-gradc massecuites, sugars being thus produced 
which are more easily “ cured in the centrifugal machines. 
Incidentally, it may be remarked tha^the same method is in use 
at the Crockett Refinery, Cal., U.8.A., and also at the Oxnard beet 
factory, as is states! elsewhere in this Report. 

Coming to the final stage in the manufactuA^ of sugar in the cane 
factory, namely, the centrifuging of the massecuite (or mixture of 
crystals and molasses), after it has been dropped out of the vacuum 
pans or crystallisers-in -motion, there is nothing in particular to 
record under this reading from the point of view of applied chemis- 
try, though mention should surely be made of three patented 
mechanical devices, each of which appears of importance. The 
(first refers to an apparatus for continuous^ly centrifuging by J. 
Avrutik®® ; the second to a device for washing the crystals in 
the centrifugals by R. A. Steps ; and the third to an apparatus 
for effecting the discharge of the contents of the basket of the 
centrifugal after “ spinning ” has been completed, the invention of 
A. R. Robertson and A. F. Dunsinore.®® 

The Beet Sugar Industry. 

R.jfore commencing the technical survey of this branch of our 
industry, it is relevant to reihark that the British beet sugar 
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ventures, CantJey and Kelhait, have'received an unexpected fillip in 
the form of a remission of the excis^ duty, which in effect amounts 
to a bounty of some £24 per ton of sugar produced* Kelham 
factory, the installation of which was recently described,®® was 
conceived and erected at a perie^ when prices for Constructional 
work weie at a peak, and in Consequence was greatly over- 
capitalised for a concern of its contemplated output. Its 1921 -22 
season resulted in a heavy loss, and various difficulties, financial 
and otherwise, threateruxl to close it altogether. As the Govern- 
ment had sunk a good sum of money in the venture, they had to 
decide whether to cut their losses or assist tlie undertaking further. 
They chose the latter course, and remitted the excise.duty on this 
home-grown sugar sine die, on the grounds that it was an agri». uitural 
experiment of value to the country, which sliould iiave r fair and 
prolonged trial. This financial aid came too late to (‘nablc Kelham 
facjtory to operate during the 1922 -23 “ campaign ” ; but to keep 
the beet sugar interest alive in its neighbourhood a working arrange- 
ment was come to Ijctween the two factories by wdiich last autumn 
the whole of the roots from both areas wore to be worked up at 
(-antley, which is in a good running condition*. lt*is estimated 
til at the total quantity of roots sliced during the 1922-23 season 
just eomj)leted was about 54,000 tons ; and assuming an average 
])rice of 38s, per ton for these delivered at the works, an average 
(‘xtraetion in the form of white granulated sugar of 12%, a cost of 
manufacture of about £12 per ton of finished sugar, and an average 
jirice for the product of £48 per ton, it may be concluded that this 
business must now bo a very profitable one, so long, of course, as 
the remisvsion of the duty is continued. 

Extraction of the Juice . — At the present day, in almost every 
factory in the world, sugar is extracted from the beetroot (after 
it has been “ sliced ”) by means of a diffusion battery of 10-14 
lixiviating vessels Many have been the attempts that have been 
made since Robert installed the first diffusion battery in 1864, to 
carry out the ox)eration in a single vessel continuously, but none has 
hitherto found any extended use in the industry. Almost in every 
case these efforts have failed to comply with two conditions, which 
are essential to any process for the extraction of the juice from the 
b(‘et, namely : (1) the production of a juice of a sufficiently high 
grayity ; and (2) the complete and even exhaustion of the so-called 
slices or cossettes. Undoubtedly the problem is a difficult^onq ; 
but its solution might hav^ several very important advantages, 
siudi, for ffxample, as^the forrpation of a denser juice than is obtain- 
able at the present day by means of the diffusion battery (thus 
reducing somewhat fjie coal bill of the factory) ; automatic action ; 
and economical construction. Another advantage that might 
1932. 149r, 
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ai^rue is the avoidance of warfte watir (both from the battery and 
from the slice presses), which ^eonstitutes one of the defects of the 
present method of working. 

It is, of coiire^, easy to imagine thSit the problem could be solved 
by so arran^ng matters that the juice in unsteady stream should 
meet the beet slices coming ill the opposjite direction, but the 
mechanical difficulties that arise in endeavouring to ]^ut this idea 
into effect are many. These principally involve the upward or. 
downward movement of the slices without the formation of a 
compact, impenetrable mass ; the regular circulation of the juice 
throughout the whole of the beetroot ; and the maintenance of the 
lixiviating liguid at a sufficiently high temperature. 

It is possible now to record three developments in the conduct of 
continuous diffusion. Sir J. I. Thornycroft®’ has devised a method 
possessing great possibilities, in which provision appears to have 
been made for the avoidance of the principal difficulties that have 
been proved to arise when attempting to effect diffvision in a single 
vessel. His construction provides a vertical column, up which the 
sliced material is forced by means of a screw against a descending 
streaiK of w^ter, •Vvhich screw may be interrupted or continuous, 
and either perforated or not, and is'^rotated intermittingly by means 
of one or more hydraulic rams acting |hrough a ratchet gear. In 
order to cause the circulation of the liquid in the diffuser, transverse 
pipes and pumps are bolted on the sides of ^ the tower, so as to 
withdraw juice, circulate it through external pipes, and return it 
to a point diametrically opposite to that from which it was taken ; 
while the necessary temperature is maintained by introducing steam 
jets into these pipes. Publication of particulars relating to this 
apparatus has aroused some attention on the Continent, and 
arrangements have been made for its trial on the factory scale. 
Experiments made in this country in a small apparatus have shown 
'the concentration of the juice to be 14-7° Brix, and the sucrose 
content of the exhausted wet slices to be 0 '2%, figures which would 
seem to indicate a satisfactory operation of the process so far as 
one can judge from an analysis of the products concerned. 

Some years ago Hyross and Rak, in place of a single cell, con- 
structed a more complicated plant, involving a combination of 
diffusion and pressure, and a certain degree of success resulted 
from their efforts. Rexiently improvements of the original appar- 
a^us^have been protected by thei last-named inventor.®® A shows ! 
the construction of the diffusion vessel, ^and C that of the slice prefi»»; 
several of these two elements being conuect/ 3 <i together* in aeriefly 
by means of horizontal conveying troughs. Sliced beet is fed to w 
top of the vessel. A, passed down through ant ascending column^* 
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liquid, and is discharged fr^m the 'bottom by rotary blades, 6, e 
(and by other blades acting therevtith, noUhere shown), through 
the horizontal conveying trough to the press, C, from, the top of 
which it is dropped by way (h the shoot, h, into the next dittusion 
vessel of the series. Water (or wc^k juice from a previ6us member of 
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the series) enters the system at w, and liquid wh4c^h hjfs beci»forced 
out of the slices by the press is withdrawn at a point opposite the 
T)unip, p, by which it is forced through a heater, u, into the diffusion 
vessel at 7i. Juice overflows from the diffusion vessel through a 
strainer, o, and a gutter, h passing into the following press at the 
point, m, or (in the •case of the last member of the series) leaving 
th(‘ extraction ai)paratus for the following stage in tho process of 
manufacture, viz., clarificatioh. It will thus be seen that this 
apparatus has the great advantage of being continuous, and appar- 
ently almost automatic ; of obviating entirely the formation of 
waste waters ; of being capable of producing a juice of high density ; 
and lastly of providing ])ressed exhausted slices, suitable for 
cattle food. On the other hand, on comparing it with ordinary 
diffusion, it occurs to one that the mechanism for the repeated 
pressing of the slices must involve a certain expencUture of power ; 
v.hile the, cost of the whole apparatus would probably be at least as 
great as that of a 14-vcssel diffusion plant. Whether these possible 
disadvantages may be counterbalanced or outweighed by the 
benefits mentioned does not appear yet to have been conclusive y 
decided by large-scale practice. . 

AfK-iition must also be directed ;k> a third invention for the Don; 
tinuous extraction of juice from the beet, namdy that protected 
by die SvA. des Etablissements A. Olier.'^® It consists of an 
<‘uclospd sehes of vertical columns up and down which the ee 
slices under treatment are carried in counter-current to the extrac- 
tion liquid by means of an endless conveyor, provided with 

F.P. 539,104. 
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perforated plates carried on endless caliiles, the several columns beltig 
jacketed for the cirofalation li steam 'or hot water, in order to 
maintain a sufficiently high temperature during the operation of 
extraction. In regard to this appar^itus, it is claimed that its cost 
would be less*than that of an ordinary diffusioti battery of the same 
capacity ; that juice at about »lhe same density as that usually 
obtamed in a battery would be drawn o£E ; Wd furthf^r, that the 
lixiviated material discharged would be entirely exhausted, an 
important advantage, since the sugar content of the extracted pulp 
in the practice of to-daj^ may be about 0-5%. On the whole, 
therefore, the proposed method of working appears an attractive 
one. It will, certainly be of interest to see whether trials on the 
technical scale are capable of corroborating the claims just men- 
tioned, though the most important of all (which has yet to be 
established) is whether by means of the mechanical arrangement 
described all the pulp will be held by the plates during their long 
travel up and down the closed conduits ; or wheth^jr, on the other 
hand, a quantity of fine material will not largely be carried away 
with the juice withdrawn from the process. If the mode of 
effecting coflnterajurrent extraction specified in this patent 
proves to bo practicable, this iiTvcntion should certainly form 
an important improvement in the og^ration of continuous beet 
juice extraction. 

Clarification of the Juice . — In standard practice, liming is carried 
on at about C., and may last 10-15 min., at the end of 

which time the treated juice is sent to the so-called saturation 
tanks, in which carbonating is carried out. A great number of 
chemists at different times have advanced the opinion that during 
the process of liming certain of the precipitated non-sugars again 
pass into solution, forming strongly melassigenic impurities. In 
consequence they have advocated the performance of this part of 
^the process of clarification according to the following stages : 
(a) treatment of the heated raw juice with a small quantity of lime, 
just about sufficient to produce the chemical effect only ; (6) separa- 
tion of the precipitate thus formed ; and (c) addition of a further 
larger amount of lime. It is claimed that by operating in this 
way not only is the formation of harmful hydrolytic protein 
products avoided, but also the total amount of lime r^uired is 
less than that ordinarily necessary. Many modifications of ..this 
pyrocedure, and methods of putting it into practice, have been 
proposed, and in i previous Report®® (illusion was made to two d 
the most important of these, viz.y those elaborated by E. Kuthe an(J 
E. Anders,®^ and by K. Kowalski and S. Kozakowski.®** 

•® Ann, Bepts., 1920, 5, 407. 
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It is now possible to e^famine *further this question on three 
grounds, namely : (1) its necessity*; •(2) it» economy ; and (3) its 
practicability. V. Stanek,®* as the results of experiments, particu- 
lars of which it is unnecessary to reproduce here, fpund it to be true 
that under the conditions obtaining in practice a 'comparatively 
considerable amount of the precipitate does again pass into solution, 
namely abput 12% fftter about 15 min. at a temperature of 85° C.,- 
thus confirming the belief of the earlier workers. This ad'lition 
to the soluble impurities appears mainly to be caused by the alkaline 
hydrolysis of the coagulated proteins, it being possible to detect 
albumoses, peptones, and polypeptides in the resulting liquid, 
though not amino-acids. At the same time, however ,^the important 
observation was made that, although a portion of the precipitate 
was thus rendered soluble, yet after carbonating (provided a suffi- 
cient amount of lime had previously been added) the purity ratio 
of the juice obtained after filtration is not much lower than when the 
]>rccaution was taken to remove the lime precipitate. This may 
appear remarkable ; but the explanation would seem to be that 
the impurities passing into solution as the result of the* action of 
the lime, as wefi as certain constituents of the jifice, tffich ai^soluble 
calcium salts, are adsorbed by the precipitate of calcium carbonate 
during its formation in the saturation tanks. This interpretation 
finds confirmation in the fact that from filter-press cake (after it 
lias been washed with water for the extraction of the sugar retained) 
it is possible to separate a number of soluble impurities. Hence, 
once more the so-called physical effect of the clarifying operation 
is demonstrated.®^ As, even under the most disadvantageous 
conditions of liming, •the lowering of the purity ratio amounted in 
tlicse experiments to only 0-16°, and averaged 0*10°, it may certainly 
be concluded from these results that, judged from the point of view 
of the purifying effect, the modification under discussion is indeed 
an unnecessary on^. 

Regarding its possible economy in respect of lime, V. Stanek 
and J. Vondrak®® have gone carefully into this matter, and in a 
series of comparative laboratory tests carried out under varying 
conditions they obtained results showing clearly that if the total 
amount of lime added is much less than 2% the clarification is 
incomplete. Their nett conclusion was that it is not possible to 
economise in lime by the preliminary removal of the precipitate 
resulting from the addition of a*smaU quantity of this reagent, .in 
the manner explained. Tl^s decision appears ifo support the belief 
express^^^by A. Horzfeld®® that the precipitate resulting during 

Z. Zuchennd. Czechoelov., 1922, 46 , 663, 671 ; J., 1922, 870a. 
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liming in combination with the eicess ofplime in suspension forms an 
adsorbent possessing a eonsid^rafcle clarifying effect ; while it may 
be recalled that H. Claassen®^ has insisted that all these modifica- 
tions in which lees than the usual aftiount of lime is employed 
invariably leacf to the productiqnrof insufficielitly purified juices, 
holding much lime in solution, and" causing trouble in the last stages 
of sugar exhaustion. i. 

Assuming for a moment that such processes are really advan- 
tageous, and that, as Z. Vytopil®” and others declare, the preliminary 
precipitate may find some use as a nitrogenous addition to fodder — 
neither of which suppositions appears to be founded — there remains 
the question of* the practicability of the procedure. J. Prochazka** 
mentions the difficulty of filtering beet juice treated with a small 
amount of lime, owing to the slimy nature of the precipitate. 
Attempts have been made to obtain a comparatively clear liquid by 
subsiding, leaving only a fraction of it to be filtered ; but the results 
reported along this line by V. Skola’® do not impress ^ne as encour- 
aging, it being often impossible to obtain a clear liquid, even after 
standing for a comparatively long time. Hence, summarising the 
work which hUs befin reviewed above, the final conclusion to be 
drawn is that the proposed deviation from the customary method 
of operating clarification is unnCces^ry, uneconomical, and 
impracticable. 

Evaporation of the Juice . — Although the concentration of the 
clarified juice from a density of Brix to one of about 60 ° 

is a physical process, yet during itjj progress certain chemical 
reactions may occur, and one of these, viz., the retrogression of the 
alkalinity imparted to the juice during the last silages of clarification, 
is of much importance. 

Diminution of the alkalinity during evaporation is caused by 
t}ie hydrolysis in the alkaline medium of the proteins and derived 
proteins present in the juice, and it may even 'proceed so far that 
the reaction becomes an acid one, the serious danger of loss of 
sucrose by inversion thus being incurred. Normally the alkaline 
hydrolysis is almost completed during liming and carbonating ; 
but after an unusually dry summer the protein content of the beet ' 
may be so high that this reaction is only partially effected during the 
operations mentioned, leaving it to be continued in the evaporator 
to the/listurbance of the usual course of events. .It is the amid<p, 
asparagine and glulpmine, that are principally concerned in the 
phenomenon under discussion, the corresponding amino-acids 
being formed, and ammonia volatilised. With the object of learning 

Zuckennd., 1918, 48, 191 ; 1919, 44, 67, 359. 
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something more of the cQiWitions* under which this decomposition 
may proceed in the beet factorj?, ff. VoMrak’^ has studied the 
behaviour of various amides when heated in aqueous solution 
with lime. Glutamine, he found, was readily* transformed, aspara- 
gine less readily, iSnd choline end allantoin quite* inappreciably. 
A points of practical^ mportance Vhich was observed is that a more 
intense ddoomposition results when lime is added in the cold bo the 
amide solution, which is then heated, than when it is added to the 
lieatcd solution ; and as an advantageous procedure it was suggested 
that in the factory the lime should be added to the co^d juice, which 
subsequently should be heated and carbonated, so as to ensure that 
llie amount of decomposition during concentration may be reduced 
to the minimum possible. Further, for the same reason it was 
mentioned as advisable that some lime should be addcvl before the 
second carbonatation, and that the subsequent saturation with 
carbon dioxide should be operated at 100"^ C. These recommen- 
dations appear well founded, and if put into practice may do much 
to alleviate one of the irregularities which, at times, demands the 
close attention of the beet factory chemist. 

Boiling to Grain and Finh'hing. — Exee])ting when (as just stated) 
there has occurred an abnormal decrea.so of the alkalinity during 
(‘oncentration, the syrup from the evaporators requires to bo 
carbonated or sulphited in order to reduce its reaction almost to 
iK'iitrality before k enters the vacuum pan to be boiled to grain. 
It is then generally filtered, though accoitling to B. Bartsch’** some 
raw sugar manufacturers in Germany appear lately to be inclined to 
omit this operation, presumably assuming the view that it is an 
uiino^ossary one, seeing that the prcKluct has anyway to be refined, 
if this tendency were carried into effect generally, it would be a 
ri‘t-rogression, for there is no doubt that a purer raw sugar, having 
usually a better grain, and generally much easier to treat in the 
refinery, is obtained when the syruj) before being drawn into the 
})an is carefully filtered. Several types of apparatus may be used 
for this purpose, and two have recently been patented. The first is 
a sand filter by L. H Raimbert,’* and the second a rotary disc 
appliance by H. A. Vallez,’^ the latter being stated by W. D. 
Horne’® to have given satisfactory results in America, in respect 
of rapidity of discharging, cleaning, re-filling, and thoroughness 
of ' • ashing. 

In the process of boiling the syrup to grain #n the vacuum pitn, 
the purpose whichps kept fti view is to form in the thickened liquor 
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Deuts. Zuckcrind., 1922, 47, 443. 

’*U.S.P. 1,410,121 ; J., 1922, 317a. 

E.P. 181,879 ; J., 1922, 619a. 

Intern, Sugar J., 1922, 633. 



* 406 EEPORTS OF THE PROGRESS OF APPLIED CHEMISTRY. 

* t 

the necessary number of crystals, thes^pnly then being allowed to 
grow by further condbntrati’on. Care is taken throughout the 
operation t(5 guard against the formation of a perceptible amount 
of new ones, sincfc the presence of “fine grain” or fine meal in the 
finished product (term^ massecnite) makes th4 subsequent separa- 
tion of the crystals and molasses in the centrifugals difficult, and 
indeed at times impossible. At the Oxnard factory, California, 
where boiling is carried out with great rapidity, it has been found 
of great assistance in securing regularity of grain to draw into the 
pan a small amount of \vhite sugar, when its contents have reach^ 
a state of supersaturation, and just at the moment when the grain 
is about to appear. It is said by A. Vasseux’® that this addition 
not only enables boiling to be performed quickly, but in addition 
obviates the formation of the dreaded “ false grain,” gives a sugar 
of better colour, and improves the extraction. This device for 
effecting “ seeding ” is reported to have been adopted also at the 
Crockett Refinery, California, and in some Hawaiian factories 
(as has been mentioned already), and generally the claim regarding 
the formation^ of a more uniform grain has been supported, though 
the other statements just mentioned have not yet been verified. 
It is certain to be put on trial in other factories in different countries, 
and reports on its value will be read wilh not a little interest. 

After the centrifuging of the massecuite, the molasses (or so-called 
“ green syrup ”) thrown off is worked up further, since from it a 
further crop of crystals is obtainable, but before passing it into the 
vacuum pan for the granulation of thq^e “ seconds ” it is frequently 
subjected to a purification treatment. This may consist simply of 
“ saturation ” with carbon dioxide or sulphtir dioxide, or both, 
and sometimes filtration follows. It does not appear to have been 
established that any increase in the purity ratio results from these 
operations, though it is often suggested that the viscosity of the 
syrups is diminished (and indeed in the light* of the observations 
made by A. Vasseux” regarding the method of dealing with low- 
purity juice at Oxnard, this may very well be true). A method 
of endeavouring to raise the purity of the centrifugal syrup (not 
In general use) is to dilute, heat, lime, and carbonate, that is, once 
again to repeat the carbonatation process applied to the juices at 
an earlier stage of the manufacture. However, A. Claassen,’® an 
acknc^ledged authority, states that “ since lime here acts upon 
noiirsugars, which pe present to "a considerable extent, just as it 
does upon the original thin juice, it fa clear that a perceptible 
improvement can be attained by this method only when tjife original 
defecation was not sufficiently complete, or was conducted at too 
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low a temperature. It has ufever be*en found that the purity of the 
syrup is increased by the action of^litne, but on the other hand, 
it is said that after this treatment the syrups are more readily 
crystallised. ...” 

It is now of very jjreat interest, fpr the beet sugar 'manufacturer 
to notice* that K. Urban,’® a reliltble investigator, has published 
details of aiarge numoer of experiments, showing that by of 

what he terms “ instantaneous saturation ” a large increase in the 
purity, as well as a considerable diminution of colour and ash, can 
be realised. His procedure (for which patents have been applied) 
is the follow'ing : Syrup at a concentration of ^0°-60° Brix is heated 
to 90° C., milk of lime added while stirring, and a curr,pnt of carbon 
dioxide passed in at the same time, the rate of flow of the latter 
being so adjusted that a low alkalinity is maintained throughout the 
operation, say within D-01-0*10% CaO. In an experiment carried 
out. on the large scale, using 12*5% of lime on the weight of syrup, an 
increase in the purity ratio of 3*7°, a decrease in the colour of 
a decrease in the ash content of 9*7%, and a decrease of the soluble 
calcium salts of 41*3%, w^as accomplished. These results are quite 
phenomenal, especially in view of the belief hitherto Mbld thftt such 
impure liquids can hardly be improved by the action of lime, 
followed by carbon dioxide, ih the opinion of the reviewer, the 
clfcct is not to be accounted for by the chemical action of the lime, 
or at any rate only^ in part ; but that here again the impurities 
mentioned are eliminated by the adsorbing power of the calcium 
carbonate at the moment of its formation in the body of the syrup. 
It may also be remarked that the basic idea of this process has 
lung been known, seeing that forty years ago Horsin-Deon, in his 
work on beet sugar manufacture,®® suggested the treatment of 
syrup by “ adding milk of lime in thin streams, and at the same 
time passing in carbon dioxide ” ; while De Haan’s method of 
“ simultaneous carbonatation ” has been operated in certain cane 
sugar factories in Java for the clarification of the juice with very 
satisfactory results. However, the particular conditions under 
which Urban operates do not appear previously to have been applied 
in the beet factory for the treatment of syrup or unexhausted 
molasses ; and it will already have been noticed that a rather large 
quantity of lime, viz., 12-5% of the syrup, was required to produce 
Ihe/esults which he has obtained, though, according to his figures, an 
ai>preciable increase of purity is shown by the use of less. It, thei;p- 
lure, seems likely that thi| “ instantaneous sAuration ” process, 
owing t'>lls considerable purifying effect, and especially to its power 
of lowering the viscosity, may after further trial be found to be 
an important impiy)vement, making the working up of these 
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after-products much less difficult thin it has hitherto been, as 
well as increasing the yield, dnd perhaps also the quality of the 
second sugar. 

t 

The Kefinihg Industry* 

Other than the considerable Wount of work that has |^een done 
during the past year in endeavouring to Establish t|ie value of 
vegetable decolorising carbon as a substitute for animal charcoal 
(boneblack or “ char ”), there is hardly anything of importance 
to record regarding refining, a fact which is regretted, and which is 
in striking contrast to’fche activity of the two producing branches of 
the industry. It is, in fact, possible to mention only three papers of 
general interest which have recently been communicated, these 
being : the description by G. M. Rolfe®^ of the new plant at Crockett, 
California, now the largest sugar-house in the world ; the particulars 
by an anonymous writer”^ of the electrical installation at Baltimore ; 
and lastly the account by P. Beyersdorfer®^ of some useful investi- 
gations on the causes of sugar dust explosions. None of these 
articles, however, calls for comment here, and a mere reiteration 
of the ♦details alrei^dy abstracted is unnecessary. 

Decolorising Carbons . — ^Much uf^ful work has been carried out 
during the past few years with the t^wo-^ld object of : (1) preparing 
materials of a carbonaceous nature having a considerably intensor 
adsorbing effect than animal charcoal ; and (2) applying these to 
the routine practice of the refinery. There are now a number of 
carbons on the market, mostly made from materials of vegetable 
origin by various methods of acti\^ation,” which compared with 
animal charcoal possess many times the j)owec of adsorbing organic 
and inorganic impurities, that is “ gums,” colouring matters and 
salts, from raw sugar liquors. Moreover, their application (that is 
initially) is simple, involving as it does merely a mixing and filtering 
‘operation, using tanks and filter-presses, in* place of the bulky 
char cisterns and rather troublesome Taylor bag filters (which 
latter are still in use in many refineries). What stands in the way 
of their extendcid adoption is the fact that their market price at the 
present time is 4-6 times that of char, and that consequently their 
repeated revivification becomes a matter of necessity. 

’ In the case of animal charcoal, revivification involves washing 
with water, followed by re-burning in special kilns ; and the nature 
o^this material is such that it is capable (provided certain conditwns 
are carefully obserfed) of being handle(^in this way a great number 
of times, its decolorising power meanwhile decreasing bcily com- 
paratively slowly. In regard to its intended rival, treatment with 
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water, a dilute solution of sotiium Hydroxide, a dilute solution of 
hydrochloric acid, and also re-burnin§, %re en^loyed, which opera- 
tions may he applied successively in the order stated, or «ne or two 
(e.g.^ hydrochloric acid and re-blirning) may be adopW. Experience 
has shown that it is % no means ijvpry decolorising cArbon that is 
capable oi “ holding up ” (to use* a technical colloquialism) to a 
sufficiently 4iigh level after being submitted repeatedly , to the 
treatment indicated, though certain grades api>ear to have given 
good results, entitling those who have worked with them to claim 
that with these particular i)repafations (and with the use- of certain 
ap])aratus) their application and revivification can be effected at a 
lower figure than obtains in the case of animal charcgal. One of 
these carbons, namely the excellent grade Norit,” has been put 
into t)peration here and there in refineries and factoric'’> in the 
United Kingdom, Belgium, Holland, Spain, South Africa, Hong- 
Kopg, Java, Philippine Islands, and the United States of America, 
g(n(Tally as a substitute for bone char, but in some instances as an 
adjunct to that material. Another, which has recently appeared, 
known as “ Darco,” appears to be at least as powerful as Norit ’’ 
in its effect, and is reported to be giving very prftmisilftg results in 
Louisiana, while a factory for its production, capable at present of 
producing about 7000 tons per annum, has been erected at Marshall, 
Texas, one of the raw materials used being lignite.®* Summarising 
this brief general statement regarding the present position of the 
innovation, it may f>e said .that the development of the use of 
decolorising carbons in the sugar industry has been rapid, and that, 
on the whole, satisfactory progress lias been made. But it may be 
added 1 hat probably mwre has yet to be done before their revivifica- 
tion reaches the state of convenience and economy with which 
animal charcoal is operated in the refinery of the present day. 

Of the immense amount of literature which has been published 
on the very interesting subject of the preparation and use of decolor- 
ising carbons, it is impossible to find space for more than a compara- 
tively short summary. Hence only those papers which appear to 
the reviewer to boar on the more salient points of the problem will 
) ' noticed, these treating seriatim of : methods of preparation ; 
essential qualities of a carbon for sugar work ; and technical 
a])pUcation and revivification. 

Hegarding the preparation of decolorising carbons, at first it was 
thought necessary for the production of a high-power preparal-ioii 
to treat the carbonaceous material (e.g., saVdust)*with an alkaline- 
CNuth, or «* soluble tr, insoluble salt, to act as “spacing agent,*’ 
particularly’ good results being given by lime, zinc chloride, and 
tuagnesium chloride.®^® But it would now seem that products 
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having at least as high an adsorbingi power as those made by such 
methods can be produced treating the mass in the carbonising 
furnace art. some stage with a gas, such as carbon dioxide or steam. 
This procedurs obviates the use of ‘the spacing agent,' and further- 
more of the rather large amojint of hydrochloric acid that is often 
required to remove it after the completicp of carbonisation. A 
number of different patents relating to activation by tmeans of gas 
could be cited ; but the most notable appear to be those taken out 
by J. N. A. Sauer,®® and a perusal of these specifications is recom- 
mended to those interested. Then attention should also be directed 
to the particularly useful work of 0. E. Coab's,®’ who obtained a 
product hajdng a decolorising power about 2 ^ times that of well- 
known commercial grades by the follomng procedure : carbonise 
at 500°-600° C., heat for one hour at 800*^-850° C., boil for 2 hrs. 
with a 20% solution of sodium hydroxide, wash with water, boil 
with hydrochloric acid, again wash with water, and finally dry. 
This work, therefore, opens up the possibility of preparing a powerful 
decolorising material from the w^aste bagasse of the mill for the 
production on the plantation of a whit^ granulated sugar, suitable 
for direct ^consumption, without thd^' intervention of the usual 
refining operation. 

In regard to the essential qualities ^f a carbon for sugar refining, 
it mfl-y be remarked that those who have turned their attention 
to methods of producing these preparations , do not appear always 
to have borne in mind the possibility of properties other than an 
initially high decolorising power being required. Indeed, recent 
experience has revealed the fact lhat (so far as our industry is 
concerned) certain other qualities are at leant as important. Thus, 
in the first place, a hard physical structure Is necessary for the 
material to withstand wear-and-tear, particularly in re-burning. 
Then it has been found that if the carbon has been ground very 
finely for the purpose of providing an initially high decolorising 
power it becomes “ slimed up ” in use so rapidly by the accumulation 
of gums and pectins and other colloidal matter, that a thin impene- 
trable cake is formed in the presses, so that filtration is difficult, and 
“ sweetening-off ” becomes too slow to be practicable. This has 
led W. H. Dimstone®® to remark that “ a degree of fineness of gt#hi 
is important in supplying the maximum surface for colour adsorp- 
tion, but this must be modified by the porosity of the grain, ajyid the 
.organic impurity adsorbing quality of the carbon.'' 

Another important pfoperty, whiclj every carbon should possess, 
is the power of adsorbing soluble salts from, the liquor Under treat- 
ment. Bone char possesses this quality in a fairly marked degree 
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(owing mainly to its mineral ^leton/as may be proved by experi- 
menting with material fi om which the dirfeon ha'fe been burnt away) ; 
but, in general, decolorising carbons appear to be less active in this 
respect. Since the amount of molasses which is produced in refining 
is controlled largely by Ihe amount »f soluble so-called melassigenic 
salts remaiifing in the lig^uors submitted to crystallisation, it would 
appear to folklw that the yield of sucrose in the form of the /•v''rioas 
crops of sugars taken off must be adversely affected. Thus, C. E. 
Coates”* has asserted that 25% more molasses is produced in vege- 
table carbon refining, compared with bone char practice ; while 
W. 1). Horne*® estimates the increase to be as much as 50%. This 
insinuation regarding the lower yield of sugar realised* in carbon 
application has, however, been controverkn:! by W. H. Dunstone 
and 11. Sandman,*^ who argue that, whereas in the case of boiie char 
the adsorbed salts are largely removed during the sweetening-off 
operation, and whereas it is customary to return this sweet-water 
(after its concentration) into the process again in order to avoid loss 
:)f sugar, on the other hand, vegetable carbons tenaciously retain 
the salts adsorbed by them, so that the water resulting from their 
washing is comparatively low in saline content, introducing offiy a 
v(‘ry small amount of melassi;];e.nic matter, when it is used for the 
melting of the raw sugar. These ^wo wTiters go further, and assert 
that in using decolorising carbon the loss of sugar occurring in the 
various operations (paj’ticularly in filtration) is on the whole less 
than ordinarily ; so that ultimately in a refinery employing “ Norit ” 
th(^ yiidd of granulated sugar is fl3‘3% of the 1)6® raw sugar treated, 
a figure whicli is ouitc as high as that realised in any well-conducted 
char hoos(\ ]t is consdf^uontly difficult to form an opinion in the 
matter, and it seems certain that further experience gathered from 
lengthy large-scale practice is necessary before a conclusion regarding 
thcs(i conflicting views can be reached. In concluding this discus- 
sion of the csseiiti li qualities w^hich decolorising carbon should 
I)osse.ss for use in the sugar-house, it may be stated that the following 
points (some of which are co-related) should be considered : colour- 
adsorbing power ; salt-adsorbing power ; filtering capacity ; size, 
hardness, and porosity of grain ; facility with which sweetening-off 
uiay be conducted ; power of “ holding up ” after long-continued 
rcvi \ iticjlion ; and lastly uniformity of quality. 

1 .»miv'.g fiually to the technical application and revivification, of 
decolorising carbons in refinery pradtice, th§ readej is referred to a* 
uHclul papoi; by H. H. Damn®* who outlines the principal steps 
involved, particiTlar preparation concerned being “ Darco.** 

FacUi abotU Sugar^ 4 ^ 22 , 14 , 372 , 

Ibid. 

Ibid, 

fnfem. Sugar J., 1922, 630 ; J., 1923, 164a. 
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Briefly, these steps consist in washing the raw sugar in centrifugals 
until the crystals •remaiftiifg have a purity ratio of about 99° ; 
melting^his product to a liquor of 60° Brix ; treating it at a tempera- 
ture of 90° O. v^th the decolorisifig carbon, using 1J% calculated 
on the wcught of raw sugai; treated ; filtering through plate-and- 
framc presses ; washing the Carbon with^water ; andr revivifying. 
Emphasis is rightly laid on the importance of the Isittcr operation, 
and the exercise of careful chemical control during its performance. 
In the re-use of this carbon it would appear that tlie best results are 
obtained by first boiling the spent carbon with w\ater during half an 
hour (in order to dissolve as completely as possible the soluble organic 
matter and traces of sugar remaining) and then re-burning, which 
method of revivification is stated to be the most satisfactory and 
economical, though “ under certain conditions it may be advisable to 
interpose treatment w ith concentrated hydrochloric acid between the 
water washing and the re-burning kiln,” so as to reduce the soluble 
ash content of the carbon to a minimum. It is very' evident from 
this WTiter’s communication that revivification requires close supei*- 
vision, and he adds that “ the necessity for careful and intelligent 
opef ation^f thS revivification process cannot be over-estimated, for 
upon the proper revivification of a decolorising carbon depends, not 
only the decolorising power, but likowis(/a more important factor, 
the filtering capacity.” 

Then W. H. l)unstone*^ has also put on ];ecord liis experience in 
the revivification of “ Norit,” and his paper should likewise be 
studied by those interested in this question, as should also one by 
R. G. Tillery,”^ who has worked with the same ])reparation. It is 
noticeable that these two writers appear* to have abandoned the 
alkali and acid system of revivification formerly advocated, and 
now rely upon re-burning, alkali treatment being omitted entirely, 
and acid being applied only occasionally, in order to reduce the salts 
taken up during the course of use. “ Re-burned carbon, especially 
with an occasional acid treatment, is so much superior to that 
regenerated either by the acid or by the acid and caustic methods 
that it is poor economy in every respect to use the chemical treat- 
ment as the only means of revivification.” 


STARCHES AND GUMS. 

In this branc|| of thq carbohydrate industry there is very littl^o 
report, and it remains only to makelbrief mention of a few patents. 
In the manufacture of starch, it has been found by F. }f. Can^bell®* 
that a high yield of this product, practically free from glutfll!, IHid 

“8 Intern. Sugar J., 19^2, 478 ; 1922, 910a. 

Ibid,, 1922, 479 ; J., 1922, 910a. 

E.P. 182,829 ; J., 1922, 7f 7 a. 
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in an unchanged condition, can;be obtained by acting on wheaten 
flour with a single proteolytic enzyme (as^pepsiT’ or trypsin), which 
converts the insoluble nitrogenous constituents of the flour into 
water-soluble substances capable of being remoyed by washing, 
neither the starch, nor the cellulose envelope in whi(;ii it is enclosed, 
being affectqd in any way. His actiicr conditions of working are to 
subject the wheaten flouf to not more than 0-04% of the proteolytic 
enzyme by heating the enzyme with water and an acid or alRi^li to a 
temperature of 40°-50° 0. ; to add the flour, the mixture being 
maintained at the temperature stated until the action of the enisyme 
is complete ; and to separate the starch by centrifuging, the traces 
of remaining acid being removed by washing witli water. Another 
means of separating the gluten in the manufacture of starch ha's 
been protected })y R. G. Brindle,®® who aerates the raw diluted 
product so as lo produ(;e a froth, which is maintained in a substanti- 
ally stable and quiescent state so as to keep the bubbles of the 
froth from breaking until the starch liquor has drained therefrom, 
after which it may be subjected to a further aeration until it has 
reached a condition at whk^h a froth cannot be obtained. It is then 
subsided, tht^ intermediate layer separating out befng w^tlidrfpvn, 
and subjected to further aeration. 

Regarding the preparation of ’'"(^getable glues, V. G. Bloede®’ has 
elaborated a process which consists in forming a paste or jelly of 
starcli by first mixing the dry raw material to a smooth cream 
with cold water, heating this to a point to which the starch jellifies, 
and then intimat(jly combining with a starch-coagulating agent, 
calcium and barium hydroxides being mentioned as suitable 
materials, while the amount to be used is stated to be “ only enough 
to produce a maximum degree of homogeneity, adhesion, and 
cohesion in the composition.” Lastly, it may be mentioned that 
A. W. H. Lenders"® has devised a procedure for the preparation 
of a dry soluble starch product. A water solution of modified or 
thin -boiling starch is made by the usual process of acid hydrolysis, 
then the solution subjected without added ingredients to a tem- 
perature which instantaneously evaporates the water and further 
modifies the starch, the flaky degredation product thus obtained 
being useful as a textile size, or as a raw material in the manufacture 
of vegetable glues. 

159,838; J., 1922, 777a. 
b.S,P. 1,398,315 ; J., 1922, 25a. 

1,418,311 ; J., 1922, G04a 
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THE FERMENTXtION INDUSTRIES. 

By H. Lloyd Hind, B.Sc., F.I.C., 

Consulting Chemist, London. 

This year has seen a great depression in the brewing industry, 
large measure due to the continuance of high taxation and 
consequent high prices for beer, together with the depression in 
general trade. The output shows a very marked decrease when 
compared with that of 1914, and may be only about 50% of that 
year. This fall in consumption has not been marked by any rise 
in the sale of spirits — indeed, there has been an evbn greater fall 
in that direction owing to taxation and consequent high prices. * 

Both barley and hops have been very adversely affected by wet 
weather dming* the harvest, and there has been considerable delay 
in getting in the crops. From the preliminary statement issued 
by the Ministry of Agriculture if appear# that the British hop crop, 
with a total of 301,000 cwt., has been above the average of the laf o 
ten years by about 10%, and the total prodqpo about 26% in excess 
of that of last year, with an increased acreage of 6%. 

J. Stewart^ surveys the maltipg barleys of 1921, which were^- 
very much affected by the severe drought of the summer. The 
total crop was estimated to be about 5% Short of the average, and 
the yield per acre IJ bushels below the average for the previous 
ten years. The quantity of fine mellow grain was comparatively 
small, the majority being prematurely ripened white steely fcarley. 
The latter malted indifferently, and it wa^ difficult to get uniform 
growth. Premature ripening prevented complete development. 
The skins at the base of the grain were often not sealed together 
and the germ from lack of protection lost a good deal of its vitality 
The resultant malts were unsatisfactory, and included a larg| 
proportion of sinkers. Moisture percentage in the barleys averag^ 
about 13, In Scotland there was intermittent rain during 
harvest meUowing the grain, but detracting from its appearaA^ 
though some formed very useful malt. H. M. Chubb also repodf|^ 
on the 1921 cAp.® 

M. H. Daly points out® that the DarleystWere extremely mmem 
to modify, a somewhat lengthy steep and fair min.ntitv nf imrinymi 

^J. Inst. Breiving, 1922 , 28 , 68 . 

* ibid., 1022 , 28 ,, 232 .* 

* Brewers' J., 68^ 686. 
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liquor being required. The abnormality of the barley found its 
reflection in the fermentations and rttiit in •opposite directions, 
depending on the course the maltster had taken to overcome the 
stubbornness of the barley. Svime barleys subjected to a process 
of forcing attained paifect growth ;without complete n\odification, 
while otheifs were definitely undewnodified. The latter, in the 
mash tun, generally stowed a deficiency of converting power, 
the others with a too high percentage of soluble matters gave a too 
highly nitrogenous wort. Defective purging of worts and unsatis- 
factory attenuations have been obtained in some cases, while in 
others there has been a tendency to race. 

W. Windisch draws attention^ to similarities between. jthe barleys 
of 1921, and those of 1904 and 1911. With such dry barleys there 
is not a proper maturation of the proteins, but they generally 
improve on storage or sweating. This improvement did not come 
about this year, and the barleys preserved more or less of the faults 
of great dryness. There was a large proportion of damaged corns, 
with consequent tendency to mould, and the latter was increased 
by the difficulty experienced in destroying the mould spores, 
rendered resistant by the dry weather, by means of lim^ water* etc. 
Difficulties in brewing fohowed ; saccharification was slow and 
difficult, especially with raw grain. The beer was without life, 
and had not the necessary elements to hold the head. Stability 
was generally very bad. Breweries usually free from infection 
admitted how easily ^eir beers were attacked by bacteria. 

The English barley crop of lj)22 w^as influenced adversely from 
its earliest stages. An early persistent drought hindered the 
growth of the young plSnt, and later on excessive rain and lack of 
sun has resulted in a crop that is poor in appearance and deficient 
in quality, the bulk is coarse, discoloured and unripe. No doubt, 
after sweating some of the barley will malt well, and some of the 
difficulties encounu red* last year will not be met with this season, 
but it is expected that the quantity of high-class malt will be small. 
Iteports from the Continent show that, despite an increased acreage, 
the crop is smaller, the unfavourable weather, particularly heat and 
drought in May, having caused a fall per acre. It has also very 
generally suffered through the excessive rains during the harvest. 
Koumania and Yugo-Slavia have been more favoured, and good 
harvests are report^. 

D. Neumann writes ® that, sinbe the .war, ^le difficulty of* 
ptting sufficient supplies erf barley in Germany has led to 
interest in* .winter flaffley, and its quality has been recently 
improved, 

* Woch. Braw., 1922 , 39, 231 . 

1922 , 89, 121 . 
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The Institute of Brewing. 

The year has been markea by a definite step in the direction of 
raising the status of the operative brewer, and placing him on a 
level with members of other organised professions. The Institute 
of Brewing have issued the sjHlabus of the examinations which they 
propose to hold, and on the results of whifh their diploma will be 
granted.® The examination is divided into two parts. The first, 
qualifying for the Associate Membership, prescribes studies in 
chemistry, physics, and botany, equivalent to a two years’ college 
course. There will .also be papers on brewing and malting tech- 
nology, and on the micro-biology of the fermentation industries. 
Part II., the final examination for the diploma, is intended to test 
more particularly the candidate’s knowledge of malting and brewing, 
and his acquaintance with such subjects as are needed by persons 
in responsible control. This examination is only open to Associates 
who have had at least six years’ practical experience in a brewery. 

Malting and Brewing. 

Lecturing before the General Assembly of the Old Students of 
the Brewing School of Nancy, P. Peti^ gave an interesting resum(§ 
of the progress realised in brewing during the last thirty years, 
and indicated some of the probable lines of advance. He suggested 
the possibility of the use of suitably -prepared ’•aw grain direct in the 
mash without previous cooking, and the replacement of the 
mash-filter by centrifugal separators. Great economies could be 
looked for in the use of materials without husks as, when employed 
with a centrifugal separator, sparging and bonsequent evaporation 
would be almost dispensed with. Centrifugal machinery will also 
probably replace beer-filters. 

Centrifugal separating and straining machinery is already 
attracting very considerable interest in breweries and has been 
applied to the separation of yeast from beer.® Other applications 
wiU, no doubt, soon follow, such, perhaps, as the separation of 
wort from hops, and the drying of spent hops. In the Broadbent 
centrifuge liquid-skimmed yeast or sediment is fed into the cage 
running at 950 revolutions per minute. The yeast is thrown 
against the filter-cloth which lines the basket, forming a solid cake, 
thejbeer passing through into the outer case. # 

• H. Heron describes® the principle of centrifugal strainers, of 
the above type^ and of centrifugfil separators in which no 
filter-cloth is used. In the latter the yeast is deposited on the 

® i7.‘ 7^w^. Brewing, 1922, 28, 282, 921, 

Erase, et Malt., 1^2, 15. 

• Brewing Trade Rev., 1922, 38, 154. 

• J. Inst. Brewing., 1922, 28, 4^8. 
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sides of the drum and the^beer passes out at the top or bottom. 
He suggests the possibility of sterilising beer without afieoting its 
flavour by means of a suitable cenxrnugal machine, perhaps of the 
Sharpies typo. , 

Reports of pra<jtical malting experiments ‘ccvme from the 
Weihenstephan experimental bi^i^wery.^® Steinecker washing and 
pumping arrangemetts have been installed in the Doomkaat steeps. 
The barley is pumped from the first to the second tank, in each of 
which it is aerated and washed during 24 hours. It is then pumped 
to the finishing tank, where it is steeped 12 hours and left dry for 
seven hours, during which time the carbon dioxide is removed 
by aeration. 0. Meindl has published some of the conclusions 
ho draws as to the effect of aeration in the steep and th 1 est way 
to carry it out. 

It is not only in regard to the steep that the question of aeration 
has been much discussed, but flooring processes, such as that of 
'ICropff, which seek to prevent unnecessary loss on the floor by 
restriction of aeration, have aroused considerable interest. G. do 
Gey ter sets out to control the unnecessary combustion of endoperm 
material, which takes place during malting, by^aera^ng tho pieces 
with air whose carbon dioxide content is controlled. The process 
provides means for regulallrg both the temperature and respiration 
of the grain, decreases the losses and increases the extract. It 
avoids intra -molecular change in the grain, brought about by 
immersion for an extended period in carbon dioxide, by which 
alcohol and carbon dioxiae arc produced, leading, it may be, to 
greater losses than are causwi by respiration. 

Landouzy describes the crushing of malt by a moist process 
in a French brewery givnng a malt milk and a thick mass of husks 
and steely tips. Various advantages are claimed, among which 
are the elimination of dust and the possibility of carrying the 
crushing to the limit with a resulting increase in extracts. 

Several other methods have been described for increasing 
extracts, some of which depend on mechanical devices, while 
others are variations in mash-tun treatment devised with the 
object of fostering enzymic action. The latter are dealt with later. 
Among the former is a patent of C. F. Hyde^® covering a method 
for separating by suitable milling and screening the steely parts 
of tli '3 grain and treating them separately in a converter previous 
to i^.iashing them with the main portion of the malt. 

J. Rechenberg recommends improvement^ in the Lazartia 
process <^i mash boiling. After peptonisation and saccharification 

. Z. geS. Brauw., 1922, 101, etc. 

“ Belg. P. 291,039. 

Nord Brass, t 192S, 13. 

« E.P. 186.161 ; J., 1922, 912a. 

Z. flfM. Brauw., 1921, 184 ; J„ 1952. 27a. 
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\he T^oa^ is raised to boiling, the pre^ure ultimately reaching^ IJ 
atm. This is followed hy rif^dyction of the temperature to 158 F. 
(70° C.) and addition of diastatic wort to complete conversion 
and a final inc^ea^ of temperature to 194° F. (90° C.). An 
improvement -in yield results mthout imppirment of flavour. 
The percentage of proteins in th') grains is lowered while greater 
palate fullness and increase in viscosity are oh^;ained. The protein 
rest should be given to get over drainage difficulties, which arise 
through the decomposition of insufficiently degraded proteins. 

0. Steltzner patents'® a method for mashing in a closed vessel 
under 2 atm. pressure. Saccharification is facilitated by the 
liberation of ^tarch through bursting of the cells. 

An improvement has been made on the well-knovTi Steel s 
masher by the addition of a mash regulator devised by T. Crawford. 

A regular admixture of grist and liquor is maintained by allowing 
the inflowing mash to fall through a grid attached to the spout of 
the machine. Variations in pressure on the grid caused by 
changes in thickness of the mash are translated into control oyer 
the quantity of grist admitted by the slide and of the liquor flomng 
into thh Steel. The apparatus is described by the inventor in a 
paper on “ Regularity in Brewing in which practical meth^s 
for the attainment of regularity through e^ry phase of the brewing^ 
process arc described. * 

In place of the ordinary copper a new type of steam-heated 
evaporator, that of Frache and Bouillon, has been installed in a 
French brewery.'’ It is an inclined, multitubular boiler through 
which the wort circulates quickly in the opposite direction to the 
hot water condensed from the steam. The bailing process is made 
continuous, as fast as the wort passes from the mash tun, with 
reduced coal consumption and saving of time. The degree of 
coagulation and cararaelisation can be controlled by regulating the 
flow of the wort and the pressure of the heating steam. A con- 
siderable economy of steam is claimed, the 60 or 70% evaporation 
ratio of a steam- heated copper being increased to 300%. 

Following the discussion raised by E. R. Moritz’ paper. Refri- 
geration and Flocculation,”'* on the best means to ensure a satis- 
factory “ break ” in wort and his advocacy of vertical and 
horizontal refrigerators in tandem, comes a contribution by Js 
Emsknder,'* wIk) considers that the type of cooling plant and 
mhmier of coolina are only of minor importance m connexion 
with the flocculation of wort. The formation of a pelhcle on the* 

15 G.P. 345,755. 

Inst. Brewing^ 1922, 28 , 874. 

1’ Ann. Brass, et Dist.^ 1922, I, 3. 

J. Inst. Brewing, 1924*, 27 , 521. 

Wodh. Brau., 1922, 39 , -67. 
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surface of the" wort during rest after boiling is more necessary. If 
this skin is broken the fragments ^^iwk to "ttie bottom and another 
forms ; the proteins tend to accumulate at the surface. A similar 
pellicle forms on the coolers*until the wort reaches 60° C. and here 
again occasiona’ cfesturbance pf^ the surface is ’advisable, but 
continuous agitation prevents flftcculation. 

The Nffthan Institut, Zurich,^® patents a completely enclosed 
Rvstem of cooling and sludge sedimentation for wort under aseptic 
conditions. ' The se])aration of sludge is brought about in an 
aluminium vessel provided with trays and an external cooling 
arrangement. Further cooling and aera{ion are carried on in 
another closed, externally-cooled vessel of vertical, cyUndn^al shape. 
The wort flows smoothly down the inside surface of this and is 
met by an ascending current of air. 

I)es])ite the almost universal belief in the necessity for hot 
' aeration and the provision of all sorts of means to bring it about, 
it is conceivable that other factors than the aeration are operative. 
H. B. Wooldridge 21 points out that in his process of brewing, in 
which the essential pomt is tho exclusion of^air ^om ^e wort 
until it arrives in the fermenting vessel, there is no hot aeration, 
but consid(U'able agitatiou "No defects in break or brilliance of beer 
appear to result. The process has proved its suitability for the 
small breweries which are being erected in the newly-built villages 
of Belgium and Friince. 

The advantages of closed fermenting vessels have been discussed 
by Mine. Vanderhagen,^^ wh*) claims that beer fermented in them 
clarifies more quicklv than in open vessels. In addition it filters 
moj(' easily, and a higher degree of saturation with carbon dioxide 
gha*s im])roved condition. Stability is increased by higher acidity 
and alcohol content. The system is particularly adapted to 
top -fermentation beers of low gravity, which have more body 
than when fermented in open vessels. The only inconvenience 
is th (5 lowered croj) and early degeneration of yeast, which may, 
however, be counteracted by aerating yeast and wort before 
pitching. 

In the systems usually employed for aerating worts in fer- 
menting vessels, the wort is either sprayed through the air in a* 
mor(> or less dense mass by means of a pump, or air is passed into 
tin* wort in bubbles of considerable size. The Lamsen proems 
for carbonating beers has shown the adwantagf of passing the gas 
into tho.becr in a state of •very fine division and a similar method 
is now suggested 2 ® for the aeration of fermenting worts. The air 

2® E.P. 165,847 ; 1922, 341a. 

^ J, Inst, lirewing, 1922, 2$, 318. 

« Nord Brass., 1922, 3. 
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is forced under a pressure of 5 lb/ per sqiiare inch, through channels 
or chambers of porous ^oone, icith the wort. 

Provisional protection has been granted to A. Bexon and G. H. 
Church for a very, convenient adafftation of compressed air in 
cylinders to wort agitation and pev^ation. ^ 

The danger of air-borne infection is called attention to by 
0. Overbeck who describes how he produced a more stable 
beer by preventing infection from the air by covering his 
fermenting vessels with sheets. ^ 

To facilitate the constiint removal of skimmings from fermenting 
vessels and the rapid filtration of the beer from them, a new device 
has been patented by P. W. Norman.’^ ^ It consists of a specially- 
constructed drum attached to the fermenting vessel and serving 
as the yeast shoot and from which the yeast is removed by 
compressed air. 

Brewing processes based on acidification and peptonisation of 
the mash continue to attract research and have^ aroused a 
considerable amount of practical attention on the Continent in view* 
of the increased extract obtained thereby. This may amount to 
6-8% T^ith cSrtaiif liquors and materials, a gain of .considerable 
financial moment. There is a general opinion that good resultr 
are to be anticipated from a careful working out of th< 
process. 

M. H. van Laer reviews the methods intrtjduced by Windiscl 
under the names of protein rest and pre-mashing. These art 
mainly complementary to and intended to correct defects in the 
malting process, and ensure more complete extraction of short- 
grown malts of low diastatic power. Degradation, both of soluble 
and insoluble constituents of the malt, is brought about, part of 
. the increase of extract being due to the conversion of starch set 
free by the proteolysis of a protecting protein envelope. The 
process has its drawbacks, however, among which are the liability 
to infection from lactic acid bacteria, difficulties in filtration, and 
reduction of keeping qualities. 

P. van Cauwenberge has made experimental brewings, with 
and without flaked maize. The mashing liquor was neutralised to 
methyl orange by hydrochloric or sulphuric acid and the malt mash 
was peptonised at 113® F. (45° C.) for an hour. Flaked maize was 
then added and enough acid to neutralise half the alkalinity of jbhe 
■VJ^prt. After saccharification considerable difficulty was found ii^ 
filtration on accoifnt h viscous laj^er of proteins, but high^ 

2»E.P. 184,860. 

Brewers' J., 1922, 68 , 686. 

»E.P.'178,637. 
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extracts were obtained, .ifermentation was very vigorous, attenu- 
ation increased, and extraction of €i(%)s mole thorough. The beers 
were more susceptible to acetic bacteria in cask than those brew^ 
under ordinary conditions. 

M. H. van Laer remarks tjjiat the production of the protein 
slime i% contrary diO laboratory experience and indicates that 
insuflicieift acid was added to yield the optimum conditions for 
peptonisation. The high attenuation can be prevented by raising 
the temperatiu’e in the mash tun rapidly after peptonisation. 

The chief points for successful working of mashing processes 
depending on acidification and peptonisation are an accurate deter- 
mination of the alkalinity of the goods, half of which mast be 
neutralised after the first half hour of the protein stand. Highly 
calcareous waters are better treated with hydrochloric than 
sulphuric acid. 

The usefulness of the newer methods of expressing reactions 
of media by means of their hydrogf;n ion concentrations is finding 
an ever-widening acceptance in the brewing industry as it is in 
many other technical and scientific procesi^s. They mre par- 
ticularly va*luablc as a means of control in processes dependent 
on the activities of micro-organisms and enzymes, both of which 
are markedly affected by small changes in reaction. 

W. Windisch, JiV. Dietrich, and P. Kolbach have published 
a number of papers on hydrogen ion concentration in brewing. 
One of these describes experiments they have made to check 
the accuracy of Michaelis’ very convenient method for its measure- 
ment, using the indicators a- and /^-dinitrophcnols and m- and 
p-nitroplienols. They find these indicators accurate to + 0*2, 
when compared with electrometric methods with light beer, and 
the accuracy was not appreciably affected by diluting the beer 
two to eight limes. Porter can ba diluted 40 times without 
altering its value by more than 0*2. 

The same authors with Propsting repeated the experiments 
of Liiers with a view to determine the optimum hydrogen ion con- 
centration for the precipitation and coagulation of proteins in 
w(jrt, and the influence of the method of boiling on the amount 
coagulated. They found the optimum to bep„ = 6-4. Coagulable 
nUrogen expressed as a percentage of soluble nitrogen wa^ found 
to be 8-6% atpH==5*81, 16*8% at^PH=^‘^^> 12-9 %• at 

pu — 5-12. Boiling wit^| direct heat gav8 up to 50% more^ 
coag . lated protein* according as a smaller or larger flame was 
employed. 


“ Ibid,, 1022 , 80» 266 . 

»» Woch. Brau., 1922 , 89, 79 . 
®® Ibid,, 1922 , 89, 42 . 
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M. H. van Laer also has a series of arfaeles in which he surveys 
the role of acidity in brewing AnA publishes the results of numerous 
series of ex]periments. The various enzymes met with in the 
mash tun reqi^ird a ‘faintly acid medium, their optimum being 

== 4-4 (neutrality to methyi 'orange), ifxperimental brews 
with distilled water gave ~ C*0 io 0-4, the acidity being 'slightly 
higher with well-growm malts and increases by about '"p,, 0*2 to 
0-3 on boiling with hops. Adjuncts reduce the acidity to such 
an extent if the proportion is high that enzyme activity is greatly 
restrictcKl. An alkaline liquor of ])„ s-5 gave an all -malt 

wort of pu " 6-65, but with (>0% of maize grits pn = 7-1 w as 
obtained. Sacfcharifi(;ation in the mash-tun under thew conditions 
proceeds badly, and the stobility of the beer leaves much to be 
desired. The acidity of the malt depends largely on varying 
proportions of the primary, secondary, and tertiary phosphates. 
The acidity of the malt and its lack in the adjuncts have, however, 
less importance on the reaction of the mash than has the 
constitution of the brewing liquor. 

M. H.^van I«a(‘r iy)ints out*^ that a determuiation of the reaction 
of the mashing liquor before and aftef boiling would bo a ^ aluable 
addition to the usual determinatipns nj^de in water analysis. 
Some examples show an increase of acidity on boiling corresponding 
to a change from pn 7*7 to 2>u b*7. 

The reaction of brewing liquors is also dealt^with by A. Fern- 
bach.®® In malt wort of normal reaction the transformation 
of maltose is limited to 80% of the Original starch, but it can be 
made complete by the addition of acid up to tl\e point of neutrality 
to methyl orange. The essential role of the salts of lime contained 
in the water is to change the pji and the compositton of the buffer 
salts. Calcium carbonate by changing primary to secondary 
phosphates will reduce the diastatic action as. the reaction of the 
wort approaches that of phcnolphthalein, and attenuation and 
stability will be reduced. Gyiisum on the other hand reacts with, 
secondary phosphates and reduces alkalinity. 

E. Bekaert draws attention®^ to the very detrimental effect of 
certain Belgian alkaline mashing liquors, containing 42 to 53 parts 
per 100,000 of sodium carbonate, on saccharification. The time 
for complete conversion is extended from 20 minutes to three 
hours rfnd the loss of extract amounts to 6*5%. 

A very suggcstiv(>, piece ^f research is that by M. H. Van Laer, 
on free acidity and stability of beer.®® feasts grpw best in, slightly 

« Pet. J. Brass., 1922, 30 , 593. 
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•acid media, but the optimijiA pn depends on the chemical compo- 
sition and nutritive vahie of the meAhtm. iPhis was demonstrated 
by finding the optimum pn for yeast in PaBteiu*’8 minerjll nutrient, 
in unhopped and hopped wort. The figures obt‘ainf‘d were ^h~ 6*8, 
4-6, and fi-0, respecttvely. The*nM)re nutritive the medium the 
higher thft optimum i^ndity. A cRange in reaction of the medium 
from the optimum point in the direction of alkalinity aas much 
greater effect on yeast growth than an increase of acidity. Trans- 
lating this into practice, great attention must be paid to the reaction 
of wort and the prevention of any alkalinity^. 

E.xperiments with distillery yeast gave the same optimum as 
for brewery yeast, but yeasts habituated to acid beers*tlii‘vv b'o.tter 
in more acid w^orts. 

Van Laer follow'ed up this work by studying^’’ the optima for 
c(irtain dis(^ase-producing bacteria. Bacillus viscosus Bnixellensis and 
fUaccJuirobacillus paslorimius. The former has an optimum of 
— fi-f) in sweet w(»rt, and in hopped W7)rt both grow best at 
p„=()'8. That is the optimum reaction, for their gro^. th is more 
alkaline than that for yeast in the same media. ¥oppe|J wort 
is shown to ffe a medium more congenial for yeast than is sweet 
wort. Yeast and Saccha > ouudll'iis wen^ grown in worts of varying 
Pu, and it was found tliat the disease did not develop to any appreci- 
able extent at higher acidities than 54, and consequently it 
ai)pears that the acidity of b(‘ers and worts is a factor of fundamental 
importance in their stability. 

Among practical papers on brewing topics may also be mentioned 
a paper on the dclivf^ry of beer in bulk, by A. H. Paul,®’ a scries 
of articles on “ Wort production,” in the Brewing Trade Review ^ 
by F. M. Maynard, and the completion of a series in the Brewers’ 
Journal by the same author, on “ Lager beer brewing.” The 
use of oil-fuel breweries has been dealt with by G. Jones,®® 
and by P. K. Le May and J. D. Lickley.®» 

A rapid and accurate method for calibration of storage tanks 
has been described by J. W. M ‘David.*® 

The position and prospects of the browing industry in Canada 
have been discussed by H. Molson.*‘ 

Books published or reviewed during the year include “ Malterie- 
Bra>!Merie,” by E. Boullanger, an excellent practical handbook on 
brewing, and Vols. III. and IV. of^Thorpe’s “ Dictionary of Applied 
Chemistry^” with articles ofi fermentation, etc.* 

»®i6id,*1922, 80 , Ofo. 
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In a paper*^ on t{ie micro-biology ^of cider making, B. T. P* 
Barker gives a review of the* work which has been conducted at 
the National Fruit and Cider Institute, Long Ashton, on the 
biological side of cider making. ^ 

During the year there have' been a number of communications 
on the influences governing some of the moi^ importaijt properties 
of beer. A. Fernbach has a paper on head formation.'^® He 
points out that, as beer acts from a physical point of view as a 
solution of carbon dioxide, the theory of the existence in it of 
combined carbon dioxide must be rejected. The present concep- 
tion is that beer owes its viscosity to the presence of colloids and 
that these iTold the gas by adsorption. 

One of the most disconcerting forms of haze to which beer is 
liable is that which occurs in pasteurised beer after lengthy storage, 
or more rapidly on cooling. A. Visez discusses** this question 
and suggests that it is due to a complex of tannm and albumin. 
The colloid constituents of beer take up a very delicate state of 
equilibrium during storage, and this is very easily ujiset by such 
agents as h(^t, of by the extraction of alkalis from ^he glass. 

Glutin turbidity, palate fullness, and head retention are discussed 
by F. Emslander.*^ Glutin is a protein^ of emulsoid character, and 
occurs in bright beer in a state approaching true solution. Chilling 
causes it to coalesce to form visible globules, which attract suspen- 
soid particles of coagulated protein to their siu’face. Palate fullness 
he considers to be due to the emulsoid proteins and hop resins by 
virtue of their capacity for spreadmg out in thin oil-like films over 
the nerves of taste. These same constituents are probably respon- 
sible for the head-retaining properties of beer,owii*g to their capacity 
for spreading out into extremely fine films, which strengthen the 
walls of the gas bubbles. 

The very difficult domain of colloid chemistry has also been 
entered by Clerk Ranken, in his study*® of the “ Influences affecting 
the bitterness of beer.” The substances which produce the bitter- 
ness form colloid-solutions, and the greater their dispersion 
the greater will be the bitterness ; the latter is not dependent on 
the amount of the bitter substances in beer. The a- and /?-acids 
of the soft resins produce the bitterness ; their dispersion is low, 
but increased by alkalis (alkaline brewing liquor). Acids havf^ the 
contrary effect and diminish bitter flavour. A large proportion ot 
the bitter acids fe removed by adsorption at the surface of 
proteins coagulated in the copper. Hence tlm importance of aijc^ 
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break, from the flavour poijit of view, and of the removal of any 
sludge that passes to the fermentirJg Vessel* and gets thrown up’ 
with the first heads. 

Ropiness is one of the most troublesome maladies to which beer 
is subject, and there ^las always been considerable difficulty in its 
study, on* account oftthe reluctance of the causative bacteria to 
grow in theVsual media. P. Hampshire has accordingly dovised*’, 
a nutritive medium reproducing as nearly as possible the conditions 
obtaining in bottled beer. Using this medium he has isolated^® a 
bacterium, which he calls Bacterium R., related to the Acetobacter 
group, which produces ropiness in absence of air, but not under 
aerobic conditions. Grown together with yeast in* air can, 

however, produce ropiness. 

The Institute of Beewing Research Scheme. 

' An account of the work done mider the Fvcsearch Scheme of the 
Institute of Brewing must necessarily take an important place in a 
survey of the research work coimected with the Britisli fermentation 
industries. The three sub-committees entrusted j\ith Jhe different 
lines of investigation all issue reports. Those published are mainly 
of a preliminary charactci, although that on timber reports the 
conclusion of the first stage of the research, in each case, how^ever, 
some definite results have already emerged and give considerable 
encouragement to the further prosecution of the investigations. 
Those on hops are, in part, being carried out on a practical cultural 
and brewing scale, and, in pajt, at the laboratories of the College 
of Technology, Manchester. The Ministiy of Agriculture has 
marked its appreciation of the importance of the practical trial and 
growth of new and promising varieties at the East Mailing Research 
Station and Wye College, by bearing a share of the expenses. No ■ 
report has, so far, been published of the results of the brewing 
experiments, but their tendency has been indicated by the President 
of the Institute, in a speech at Wye College, in which he sounded a 
note of warning against the planting of a certain well-known variety, 
ToUiursts, which, although it has many cultural advantages, 
appears to compare badly in brewing value with other varieties. 

Hop Research. 

The second report*® of the Research Committee covers the period 
from May 23rd, 1921, to March *14th, 1^22. 'fhe work on hops 
has been .divided into five f)arts : — 

(1) The breeding *oJ new varieties ^ which will produce a heavy 
yield of hops, resistant to disease, and at the same time contain 

« Bur, Bio-Tech. Bull No. 5, 1922,^128. 

*®/6Mi., 1922, No. 6, 179. 

*• J. Inst. Bremngt 1922, 287. ' 



426 , REPORTS OP THE PROGRESS OP APPLIED CHEMISTRY. 

^ ^ < 

the highest possible amount of resin^s. This is carried on at the 
nursery and experinlental ' hbp gardens of Wye College, whore, 
in the 21 ‘acres, there are about 5000 new seedling varieties under 
trial. Thirty-tfivo 'promising varieties were transferred during the 
year to the East Mailing Research Station for tests on a larger scale. 
Seedlings immune to mould have been raisecVfrom the G6lden Hop. 

' The East Mailing Research Station has been extended so that an 
additional six acres is allotted to hops, permitting of ,a considerable 
widening of the scope of the work there. “ Nettlehead ” disease 
attacked both gardens, and its cause is under investigation by V. H. 
Blackman and Miss Lacey. 

(2) Manurial experiments. An acre has been set aside by E. Ivo 
Neame at (^ilham, and by T. J. Nicolson, at Horsmonden, each 
divided into twelve plots. These have been treated vitli different 
manures to ascertain their effect on the brewing value of the hops. 
As this was the first year of manuring, differences in tlie composition 
of the hops can hardly yet be manifest. 

(3) Drying experiments. Five experimental kilns have been 
erectcp.1 at Beltriitg. They are designed to kt^ep th(^ yarious factors 
concerned in the process of drying under strict control in order to 
ascertain the ideal cemditions. Twent/-tw’o kiln loads were dried 
during the season. A. H. Burgess later gives a full report of the 
work done at these kilns. 

(4) Testing hops for their brewing value. The first series of 

actual trials at a brewery have beei\ can'ied out. In view of their 
importance results will not be published until confirmed by other 
series. ' 

(5) Chemical investigations. F. L. Pyman is carrying out 
researches at the College of Technology, Manchester, with the 
object of isolating and determining the constituents of the hop 
on which the preservative properties depend. 

In a preliminary report “ on these investigations Pyman states 
that, so far, his work, and that of his colleagues, H. Rogerson and 
T. K. Walker, has been directed to the isolation and identification 
of the preservative principles, and with that end in view they 
proceeded to submit the resins soluble in light petroleum to frac- 
tional separation. The existence of a-hop bitter acid, humuloUj and 
j8-hoI> bitter acid, lupulon, is confirmed. Lactaric acid, found 
for the first timejiin hop«, was isolated as one of the products of 
the fractional extraction, but the general method was found to bo 
unsuitable, largely from the difficulty of obtaining ‘ crystalHn^ 
products, and other methods are now under, investigation, 
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E. S. Salmon “ reports on th® progress of the trials of new varieties 
of hops and the results of the growth of s%vcn et)mmercial varieties 
at East Mailing. Attention is Joeing directed to the production 
of new varieties by crossing sorts which are know* tc/h^vc certiiin 
distinctive good properfics with othto in which these arc lacking, 
but whitih i)0ssess other good qualities. For instance, it is desii*able 
to combine in*one the preservative power of Oregon hops with the 
delic’acy of aroma of Kent Goldings, and to impart immunity 
to disease to otherwise good varieties. Analyses and physical 
valuation are givcTi of the varieties grown, aiycl, in several eases, 
very useful crosses have been obtained, notably that between the 
Oregon C'luster and an English male hop. Ory hopj>ing e:>])ei hr cuts 
at a brew'ery add confirmation of tlie success of the eff. >rts to jiroduce 
good new varieties. 

Investigations into the best means of raising the standard of 
ho]) cultivation have also been carried out in France under a 
C'ommission appointed by the Govenunent in 1921. F. and 
Mine. Moreau on the botanical side develoj)ed a mefhod for 
ex])ressing the density of the cone, depending oi^ mej^suren^^nts 
of the length of strig and the number of node's. Dividing the 
sample' int(^ classes of differeiiv dc'qsitic^s, tliat class which contains 
the grt'atest number of coiios is called the “ mode.” Moreau 
drew the conclusion that tliere was a close coimexion between this 
and the brewing valiie*of the hop. 

E. S. Salmon and H. Wormald criticise^® the indiscriminate 
application of this principle to hhps of different ciountries, pointing 
out that a Tolliurst hop had a higher mode than an Oregon far 
superior in luewing value, but consider that it may be useful in 
th(5 evaluation of certain classes of hojis and as a means of detecting 
admixture in any one sample. 

Moreau also an’. red at the conclusion that piollination was 
necessary to cause perfect development in tlie damp climate of 
England, Denmark, and America. Salmon and Wormald on the 
other hand point out that such hops as Goldings, with fewer 
flcjwers on the cone, w'ould not grow out to good size cones without 
jiollination in any climate, while hops of fair size would develop 
evcTi without fertilisation from the varieties grown on the Continent 
which ^ have more flowers and petals on the cone. They also 
question the point that the value jof the hop is reduced % The 
reduced density consequent on the increas’ed length of the cone 
produced aJfer fertilisation, Without any increase in the number 
of nodes. Moreau recognises the increases of resin produced 
per acre as a result of fertilisation and concludes that it is important 
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to know, for any particular variety climate, Jiow iar the depreci- 
ation consequent oA fertilfsaifcion is compensated by produce per acre. 

C. A.« W. Duffield has investigated the “ eclworm disease ” or 
“ nettlchead,^’ which occurs at Kast Mailing, and suggests that it 
belongs to* the class of disea^iei known as mosaic,” believed to be 
duo to ultra-microscopic orgaYiisms presen^. in the sap ^f the plant. 

E. S. Salmon and H. Wormald give an account^* l)f this disease, 
known as hop canker or “ growing off.” It is brought about by 
the attacks of a fungus of Fusarium type at the ^oase of the bine 
and causes considerable damage. They also describe the preventive 
measures available. E. S. Salmon and H. Wormald have also 
publishedca “ Study of the variation in seedlings of the wild hop,”*® 
and E. S. Salmon a paper on “ Forms of hop resistant to mildew.”** 

Barley Eesearch. 

The advisory sub-committee on barley came to>,the conclusion 
that the best line of action for the research on barley would be to 
endeavour further to elucidate the much discussed nitrogen question. 
As prelkninairy they invited H. F. E. Hulton to review the pub- 
lished literature relating to the ‘evaluation of ^barley from the 
nitrogen standpoint. His report is a^comprehensive summary®’; 
of previous work, and a valuable basis for the further operations 
of this committee. 

The objects of the research are : (1) to Ascertain and define as. 
precisely as possible the requirements of the maltster and brewgl 
and (2) to ascertain the means by which farmers can satisfactority 
fulfil these requirements with profit to thi^mselves. 

It was decided to deal, firstly, with the second problem. Although 
it seems certain that environmental factors alter the malting quality 
of barley, there appears to be no very definite knowledge of the 
effect of fertilisers. It has, therefore, been decided to carry out 
experiments in the best barley-growing districts of the country, 
and also at Rothamsted, plots being cultivated at each place 
under five different manurial conditions. The barleys grown will 
be malted and analyses made of both barley and resultant malt. 

A useful tool has been forged for the analyses of the samples 
of these growths by A. R. Ling®* in the elaboration of the method 
for determination of starch suggested by H. T. Brown and his co- 
wArkers. These authors showed that under certain conditions 
hydrolysis of sf^rch by diastase led to the formation of 844 parti 
of maltose -from 100 parts of starch.’ This relation depends on Ijii 
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use of a malt of a^iiastatic pow/^r of 8(y as the source of the diastase 
for the conversion. Ling and'‘his colle^gl^es hare made the method 
available for use with any malt by determining the proportion of 
maltose formed when using malts of other diastatic ^capacity and 
constructing a curve based on their :|;esults. They have "also shown 
the applicat^ility of the method to the estimation of starch in barley 
and wheat. 


Timber Research. 

The research on timber®® for cask-making has been carried 
to a point at which it is necessary to transfer the work from 
laboratories in this country to the forests and laboratories of the 
country of origin of the timber. In view of the great commercial 
importance of the questions to bo settled, it is anticipated that 
the United States Department of Forestry will favourably entertain 
the suggestion of the Institute of Brewing that further investigation 
be carried on in America. 

The research originated from the desire to find out the cause 
of the objectionable flavours so often imparted to beer by storage 
in casks of Amo^can oak, and the importance of Angling an alterna- 
tive source of supply to Baltic oak, in view of the possible recur- 
rence of conditions which would tender North European supplies 
unobtainable. 

Chemical investigat^ns carried out at the Imperial College of 
Science and Technology under the direction of S. B. Schryver 
have indicated®® that the difference in value of the various timbers 
for cask-making is due, not to any specific extractive which imparts 
a deleterious flavour to the beer, but rather to fundamental differ- 
ences in the chemical and physical properties of the timbers 
themselves. It was found that the satisfactory staves examined 
were, in general, more permeable than the unsatisfactory, and 
that, in consequent c, any flavouring matter they contained would 
be more readily washed out in the preliminary cask treatment, 
and extractives left in the less permeable unsatisfactory timber 
after seasoning would diffuse out less quickly, and, therefore, 
tamt successive quantities of beer. 

The botanical work was carried out under the direction of 
P. Groom and showed®^ that the bad flavours imp8q;ted to beer were 
not (^e to any microbial flora in the wood. In regard to the 
structure of the wood, the staves examined were all made of heart • 
wood and the more pervious^ sap wood was not* found. It was 
pointed ‘'/Dut^ that “ red pak ” was structurally unsuitable for casks 
but that the “ white oaks ** of the United States, being more 
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impervious, were applicable to that use. The conclusion arrived 
at was that the un?/itisfagtory nature of the wood was due to the 
use of an inappropriate species, a tree felled at the wrong season, 
or the employment of heart wood that is too ybung. These possi- 
bilities can only be thoroughly investigated at the place of origin 
of the timber. 

■V 

Among other practical and scientific contributions that have 
appeared during the year on similar subjects to those investigated 
under the Institute of Brewing Besearch seliemc, the following 
may be referred to. 

A practical pa})cj‘ by H. C. Swcatman on the timber for casks. 
The author considers that in the future more suitable timber will 
be importwl from America. 

A method for the avoidance of any trouble through contact 
of beer A\ith the wood of the cask has been patented by T. A. 
Woodhead,®^ the specification covering a process for building casks 
from staves previously covered with aluminium. ' 

H. IJ. Harrow has some “ Notes on cask cleanliness in which 
he points put hpw easily infection of beer may be caused by lack 
of cleanliness in casks, and describes a simple method for inves- 
tigating the state of the cask plant. 

W. Windisch, W. Dietrich, F. Grolm, and P. Kolbach*® have 
elaboratcKl a method for the quantitative determination of humulon, 
Tlie rate of degradation of humulon in wjrt boiling, they find, 
depends on the reaction of the wort. A strong acidity causes the 
humulon to coagulate. With a 24% of the bitter acid is 

transformed within an hour, and 50% in about two hours. These 
results have a practical bearing on the length of boil and the alka- 
linity of the brewing liquor. 

H. Heron publishes,®® in a paper on “ The deterioration of hops 
during storage,” a tabulation of the analyses of about 100 samples 
of hops giving the changes in resins on storage. Curves are plotted 
showing the percentage of soft resins calculated on total resins. 
They show that deterioration goes on progressively in cold storage 
and amounts to 40% in five years compared to 60% deterioration 
occurring during the same period in ordinary storage. The effect 
of the weather experienced during picking on the keeping qualities 
of the hops is ^narked on the curves by the upsetting of their 
regularity by the results of the 1915 crop, which possessed very 
superior kco})ing qualities compared with succeeding yearil^^ 
Figures are also given which show thft when hops which have bfen 

Ibid., 1922, 28 , 402. 

E.E, 176,391. 

Brewing, 1922, 28 , 898. 

Brau., 1922f39, 42. » 

J. Inst. Breiving, 1922, 28 , 171 . 



THE FEEMBNTATION INDrSTMBS, 


481 


cold stored, ha-v^ been removed and kept under ordinary con- 
ditions, deterioration proceeds at the same raje as with non-cold- 
stored hops. This is contrary to the ‘generally accepted idea that 
hops deteriorate very rapidly wljen taken out of cold store* Heron 
considers the explanation of this mistaken idea *is ^hai^ the value 
of the hops has been judged by*J)heir physical characteristics, 
based on tHe idea thatdittle or no change has taken place in cold 
store. It is necessary to appreciate that the rate of change in 
the oils caused by atmospheric oxidation has been little checked 
by cold storage, that the resins have altered not a little but that 
the decay of the hop cones has been entirely checked. 

There has been a series of practical articles by A. Amos on the 
cultivation of the hop crop,®’ and another on trials of nt^\' Aarieties 
of cereals by E. S. Bcaven.®® 


Starch. 

For many years J. C. Irvine has been carrying on research at 
St. Andrews, on the constitution of the carbohydrates. The work 
has now reached a point where deductions as to the structure of 
the more complex carbohydrates, such as sta/ch, inulin,*and 
cellulose, are being drawn.®® The basis of the work has been the 
production and characterisation df methoxy derivatives of many 
of the best-known sugars to serve afterwards as evidence of the 
structure of the more gomplex carbohydrates from which they may 
ultimately be obtained. 

G. Malfitano and M. Cattoire have identified’® amylocellulose 
as a compound of silica and CcrfioOg molecules, whilst amylopcctin 
is a phosphoric acid carbohydrate complex. They have detected 
\ arying quantities of silica in the amylocellulose of different starches, 
from 6 mg. per 100 g. in potato starch to 29 liig. in maize starch. 

Enzymes. 

M. H. Van Laer has published under the title of “La diastase 
du malt,”’i the collected but not quite completed work of his 
father, the late Henri Van Laer. It is an excellent presentation 
of the subject of enzymes and study of the phenomena which they 
bring about in the course of malting and brewing. 

E. F. Armstrong has a paper’® on “ Enzyme action in the light 
of mdilern theories of catalysis,” his object being to show that«the 
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behaviour of enzymes is in harmoijy with that of other catalysts, 
and that their highly-specialised behaviour affords additional 
evidence of the intermediate compound theory of catalysis. 

“ The chemistry of enzyme action ” is the title of an addition to 
the American Chemical Society monograph^, by K. G. Falk, dealing 
fully with the enzymes from their chemical aspect. 

M. H. Van Laer,’* developing his view that the activity .of hydro- 
lytic enzymes is duo to the adsorption at the surface of their particles 
of both substrate and hydrogen ions, explains the existence of an 
optimum hydrogen ion concentration by the counterbalancing, 
at that point, of thc^ increase of activity due to temperature by the 
injurious coagulating action of the hydrogen ions. He makes the 
suggestive point that an enzyme capable of acting on different 
substances should have the same optimum for all. The same 
optimum hydrogen ion concentration is found for diastatic and 
proteolytic activities, and this optimum also holds for the hydrolysis 
of esters and amygdalin by the enzymes of malt. 

Cattali and Stem consider’^ that there is no difference between 
oxidising and reducing enzymes, and that the mechanism of all 
enzymes vbich split off water is identical, the different results 
depending on the way the ions aet'on the substratel They classify 
enzymes into hydrotases, hydrolases, ^d oxy-reductascs. In the 
last the OH ions combine with one molecule, the H ions with 
another ; catalase is an example. 

Amylase. 

J. L. Baker and H. F. E. Hulton, in continuance of earlier work 
of their own,^® and of Ford and Guthrie,’® studied the effect of papain 
on barley” from which albumins and soluble amylase, edestin and 
hordein, had been extracted by water, salt solution, and alcohol, 
respectively. They find that the amylase liberated by papain is 
produced mainly from the hordeins, and as papain does not liberate 
amylase from isolated hordein, or from barley which has been 
boiled, it follows that it breaks down a pre-existent insoluble 
enzyme complex to form the soluble amylase. 

U. Effront shows’® that considerable changes are brought g,bout 
in enzymes on filtration through paper by selective adsorption on 
the paper of the colloid active substance. He indicates the possi- 
bility of using the adsorbent power of cellulose in the prepe ration 
of certain enzymes. 

” Bull: Soc. Chim. Belg., 1921, 30, 26^; J.. 19?2, 281. 

Arch. Intern. Philos.^ 18 , 403. 

1908, 27. 

’^^J.’Inst. Bremng, 1908, 14. 

’»Chem. Soc. Trans.^im, 12 . 1 , 1929; J., 1922, 87U. 

Comply rend. Soc, Biol, Sf, 271. 
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H. Liiers aM W. Wasm^nd have contributions’® on the mode 
of action of amylase, whicjh is complijated ]^y the colloidal nature 
of the substrate starch. They inve^igated the influence of various 
factors, and consider that ■tfie degradation of starcfi does not 
correspond to a mcyio-molecular process. Tfie fejeldahl law of 
proportionality holds for the congtihtration of the enzyme. 

Proteolytic Enzymes. 

H. Lundin, in a paper on the proteolytic enzymes of malt, sets 
out a comparison of the proteolytic enzymes of diffenmt origin, 
as follows : — 


Anhmd origin. 

Yeast. 

• 

Malt. 

PopKin. 

PepHin. 

IVplase. 

Opt. reaction . . 1 *5 

$ 

Pu 4 to 4-5 

Malt .. .. — 3'7to4*3 

• • • 

(Jrocn malt .. pH" 3*2 

Rootlets . . No peptaso 

• 

Trypsin of pancreas. 

Trypsin. 

Tryptase. 

Opt. reaction pu — 8*0 

II 

o 

Oreen malt . . pu--6*3 

Rootlets .. pn — 6*3 


The autolysis of malt and of the rootlets is the result of the 
combined action of the proteolytic enzymes found there. The 
protein degradation brought about by these enzymes can onlj 
occur when the reaction of the medium permits their simultaneous 
action. Optimum reaction for autolysis is : for kilned malt, 
Pu=4-3 to 5*0 ', for green malt, 4-4, and for rootlets, 6-3. 

P. Nottin®^ has examined from a yeast-making point of view the 
sac(;^arification and proteolysis of raw and cooked maize, and finds 
that there is a peptase in raw m^e which solubilises the pr^teiijs 
of maize in a way that the peptase of ma?t caimv*t do. To get the 
maximum amount of soluble nitrogen in the wort from maize, it is 
therefore necessary to digest it for some time at a temperature 

Fermentjorachun^, 1922 , 169 , 236 . 

«« Biochem. ZeiUt.y 1922 , 131 , 193 . . 

BuU, Aaaoc. Ckim. Suer., 1922 , 89 , 362 . 

.2e 



434t ^ KBPOBTS or THB PBOOBBSS OP APFLIEt) OHBHISTBY. 

below that at which this pepta*se wiU(be destroyed/ and afterwards 
boil it, rather than <boil it straight rfway, before proceeding tO' 
saccharificfition. On this he'* has devised a process to get the' 
maximum yeast output from a maize mash. In a distillery raw 
grain wort, the maize maltase transforms th^ maltose to dextrose, 
and there is no resting stage in- the saccharification, such as when 
amylase converts starch to maltose. 

Yeast and Feementation. 

The centenary of IJasteur’s birth fell on December 27th, 1922, 
and celebrations in honour of his work and memory will take 
place at the opening of the Exhibition at Strasbourg, in May, 
1923. The appearance of an excellent biography, “ Pasteur and 
his Work,” by L. Descour, translated from the French by A. F. 
and B. H. Wedd, is very timely. Much interest has in consequence 
been centred in the historical aspect of the theories of fermentation 
associated with his name, and several investigations tend to support 
his view that fermentation is in some respects an alternative to’ 
respiration. ,, ^ 

F. liayduck and H. Haehn contribute a series nof articles on 
the problem of zymase foimation in veast. They adopt the 
hypothesis that it is formed from prpto^asm and is linked there- 
with, but can exist under certain conditions in the free state. 
Bottom yeast grown under restricted air supplies secretes zymase 
to such an extent in presence of ample supplies of nutriment that 
free zymase is liberated. Spirit y/^ast is grown under aerobic 
conditions for rapid reproduction and the amount of zymase is 
restricted. They experimented with a toruia that was grown in 
Germany during the war for foodstuffs on account of its easy 
digestibility and enormous reproductive power. In contra- 
distinction to beer yeast it was low in zymase and high in catalase, 
but if respiration is repressed the zymase content is increased and 
catalase diminished and its fermentative activity improved until 
it surpasses that of the spirit yeast. 

The influence of air on yeast-growth is again referred to by 
A. Slator,®® who reports that exclusion of air was not perfect in 
the experiments recorded last year,®* and when these were repeated 
under stricter conditions, small seedings of yeast grew with 
difficulty and many of the cells died ; the entrance of traces of air ^ 
caused increased growth^ ' 

The rate of repoduction of yeast Ip as been studied, by N. if 
Clark.*® 

Wochj Brau.^ 1922, 39, 97, etc. 

M J., 1922, 111b. 

•* Chem. Soc. Trans., 1921, 119, 515. 

«® jr. Phya. Chem„ 1922, 26. 42 jt J., 1922, 340 a. 
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The deteriorafion of yeast q|i storage with pure culture apparatus 
has frequently been noted. *K. Geys s]j.ows®^that the flocculating 
power gradually diminishes, and later lots taken from tjie culture 
apparatus gave powdery yeajts in the fcrmeptii^g vessels. To 
avoid this deterioration, wort of sych strength should be used that 
it shall no^ be exhausted long before *the yeast is required. 

Bemfeld flnds**’ tha^ the quality or degeneration of yeast can 
be measured by the intensity of the stain produced by alkana 
or Soudan^ III on the fatty constituents. The age and generation 
of pitching yeast can be determined in this way. 

The profound modification brought about in the products of 
fermentation by the presence of different chemical substances 
is well known. Neuberg calls the formation of aldehyde a'nd 
glycerin in the presence of sulphites the second form of fermentation, 
and that of alcohol, acetic acid, and glycerol in presence of alkalis the 
third form. H. Kumagawa has examined®* the result of carrying out 
fermentations with Japanese yeasts in presence of these reagents, 
and finds that S. saM can support even higher concentrations of 
sulphite than the German yeast, and, consequently, give laiger 
quantities of aldehyde and glycerol, 19-5% and 39‘lil%, M;spectivcly, 
having been olftained from, hexose. 

The researches of de Fazr® on# the acceleration of fermentation 
by ultra-violet rays have been confirmed by P. Lindner,*® who records 
an enormous increase in the fermentative activity of bottom yeast — 
28 times as much carflon dioxide having been produced in 24 hours 
as in the comparative fermentation without the rays. In thin 
layers without agitation the yeast-cells are killed by the light 
from a mercury vapouii lamp, but in bulk those conditions do not 
apply, and this no doubt explains de Fazi’s statement that the rays 
were not detrimental to the yeast. 

The lethal effect of ultra-violet radiation on micro-organisms 
has been put to a very ingenious use by J. W. C. Topley, J. E. 
Barnard and G. S. Wilson*^ in the preparation of pure cultures. 
One selected cell in a mount is protected by a droplet of mercury 
from the ultra-violet rays, which kill every other cell. 

The stimulating effect of various substances on the fermentative 
activity of yeast has received attention from several investigators. 
S. JVaenkel and A. Scharf find®* that in general extracts of vegetables 
rich in vitamins have a relatively high stimulating effect on 
mentation. 


Z, gta. ^rauw., 1922, 45, 6k 
Wm*Brau., 1922, g9, 196. 

*^ Biochem, Zeita., 1922, 181, 148. 
*•«/. J^nat. Brewing^ 1^16, 22, 24. 
•« Woch. Bmw., 1922, 89, 166. 

J, Hygiene^ 1921, 20, 221. 
^Biochem, Zeita,, 1922, 127, 227. 
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S. JYaenkel and J. Hager &ave sl»idied®® the action of a ki|^ 
number of extracts ffrom ^hp organs' of animals and find that, 
with the exception of marrow, they stimulate fermentation. 

E. Abderhald^n found®^ that addition of animal charcoal produced 
a lasting acceleration in the |ermentationf of glucose solution, 
probably associated with the foifmation or fixation of ace^ldehyde. 
Neuberg found that acetaldehyde at very low ccvicentrations 
accelerates fermentation, but Abderhalden’s experiments show*® that 
at a coneentration of 0*35 g. per 20 c.c. it entirely pre-vents the 
fermentation of dextrose by yeast. 

Inouye,*® working 'with Japanese bottom yeast, confirms the 
acceleration^ of fermentation by such compounds as ketonic acids 
and ketones, aldehyde having a permanent beneficial effect. 

It is generally recognised that toxic substances act as stimulants 
when employed in very weak doses ; among other substances, 
salicylic acid, arsenious acid, and iodine have l)e(m quoted in this 
coiuiexion. (I. Joachimoglu, howev(‘r, gives some results*’ which 
contradict the general application of this belief, and point to the 
possibility that yeasts act differently to animal cells in relation to 
toxic caubstSinces.^ 

H. von Euler and K. Myrbiick find** that toluene, chloroform, 
and ether have practically no action oj^ the fermentative activity 
of exj)ressed yeast juice, although they reduce the originally much 
greater activity of living yeast to a very low value, hi the drying 
of yeast a considerable amount of the zyhiaso appears to bo 
liberated from association with the protoplasm, and the fermenta- 
tive activity of the dried yeast is' reduced by toluene, although 
to a much less extent than living yeast. c 
The question of nitrogenous nutrition is one of the 'most important 
factors governing yeast growth, and, hitherto, asparagine has been 
very largely used as a source of nitrogen in y 0 ^ffi^b nutrient solutions, 
A. Tait and L. Fletcher show®* that its selection is unfortunatoi as 
very .great differences are obtained when working with a nutrient 
medium containing asparagine when compared with one in whjch 
an extract of malt rootlets is used as the source of nitrogen. They 
ascribe the toxic effect on the yeast to the formation of malic acid 
and a higher acidity than is suitable for the yeast growth and to 
excess of ammonium salts. The application to practical brewing 
occurs when a wort contains an excessive amount of amino acids, 
iff does when slack or forced m^lts have been used. The existence 

®* Jbid.r 1922, {27, 189. 

Fermentforschung, 1921, 5, 89. 

Ibid., 1921, 5, 110. 

** W^h. Brau., 1922, 39, 191. 

Biochem. Zeita., 1922, 100, 239. 

1922, 126, I’^O. * 

*• J. Inst., Brewing, 1922, 28, €97. 
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of substances which will, undbr the necessary conditions, neutralise 
the acid formed is referred to as of fii^t^impoAance in fermentation. 

CarbOligase. 

J. Hira^h has carried out^®® sotdo experiments which seem to 
throw light on the transformation of p 3 rruvic acid by fermentation. 
T'he production of acetaldehyde hardly ever exceeds 50% and 
it appearg th^t the remainder of the acetaldehyde may be trans- 
formed to acctylmethylcarbinol, the latter being formed by con- 
dcaisation of two molecules of acetaldehyde* by the action the 
enzyme carboligase. 


Vitamins. 

Interest in vitamins is continued, and the appcaratice of a book, 
‘''The Vitamins,” by H. C. Sherman and S. L. Smith i®^ is very 
welcome. 

A. Seidell gives a method for the preparation of vitamin B 
from fresh yeast, in the form of an activat('d fuller’s ^eartli. The 
vitamin B cq^itent of the preparation is about twice as great as 
in that prepared from auto’ysed yeast. He further obtains ^®® highly 
activ^e vitamin preparations from the activated fuller’s earth, 
stable in solution or iii the dry state. 

C. Funk and H. F* Bubin isolated ^®^ a substance from autolysed 
yc^ast different from vitamin B, having no effect on the growth 
of rats or polyneuritic pigeong, though accelerating the growth of 
yeast. They consider it probable that all previous experiments 
on vitamin B have bdbn made on mixtures of the latter with this 
substance, which they name provisionally vitamin B. 

C. Eijkman, C. J. C. Van Hoogenhuijze, and T. J. G. Berks^®® 
find that only yeasts that have been developed in media containing 
the antineuritic vitamin contain the vitamin, but media in which 
the vitamins have been destroyed by heat will furnish a yeast 
containing them. Yeast therefore appears to be unable to synthe- 
sise vitamins except from the products of their decomposition. 

Analysis. 

revised schedule '®® of “ Standard Methods of Analysis ” 
ajiplicable to pale malts and to coloured malts and caramels has 

Biochem. Zeits,, 1922, 18|, 178. 
i»^^0wyork, 1921 • 

U.S. Health Repts., April, 1922. 

J. Amer, Ghcm. 1922, 44, 2042. 

J. Biol. Chem., 1921, 48, 437 ; J., 1922, 72a. 

Ibid., 1922, 60, 311 ; J., 1922, 3(f5A. 

J. Inat. Brewing, 1922, 28 , 775. 
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been issued by the Institute of Brewing. Some slight alterations, 
in the direction of siSiplifidatron, and tending to greater accuracy, 
have beefi made. ^ ^ 

The drying of barley and malt is a ver;;^ tedious process in a 
steam oven, and new methodg* or apparatus tending to greater 
rapidity or more complete drying are welcome. K. '^Mohs has 
described^"’ an apparatus devised by G. H. Meihuizen, of different 
type to the usual oven, by means of which he claims to^get in 50 mins, 
results comparable with thoj^e given by a drying oven in four hours. 
This advantage is gained by the use of dry air only, compared 
with the air of fluctuating moisture content as usually employed. 

Ling’s method for the determination of starch has been alluded to 
elsewhere. 

M. and I. Sborow'sky have found in mercurous iodide a new 
accelerator for the de.struction of organic matter in the estimation 
of nitrogen by the Kjeldahl method. They And it to^b^ 5 to 8 times 
more energetic than mercury alone. $ 

B. Lampe suggests a standardised method for determining 
the melting-point of pitch, to supcr^dc others in which the personal 
factor may bo more marked, in view of the rather indefinite molting 
point. 

J. Effront proposes to determine the liquef active power of 
amylase by a method based on the coagulation of starch paste by 
iodine. The liquef active power is expressed by the weight of 
starch liquefied by 1 gram of the enzyme solution in 1 hr. 

A. R. Ling and D. R.Nanji propose to modify the method by 
which pentoses and pentosans are determined by conversion to 
furfural by precipitating the latter with phenylhydrazine, and 
estimating the excess of the precipitant by means of standard iodine 
g;nd thiosulphate. 

Daylight lamps have proved almost a necessity for analytical 
w'ork when artificial light is needed. The Sheringham lamp,^** 
which simulates daylight by eliminating a proportion of the red 
and yellow light from a half- watt lamp by means of a specially 
constructed reflector, has proved very suitable for determining 
colours by the tintometer, and for judging barley, etc. Tests made 
by W. Singleton with various indicators show that the half -watt 
lamps fitted with blue glass “ daylight ” bulbs by the Osram- 
G.E.C:, also give results^ comparuble with daylight. 

1“’ Woch. Brau* 1922, 89, 138 ; c/. J., f 921, 669 a. 

Ann. 'Brass, ct Dist.y 1922, 21, 61. ' ’ 

Woch. Brau.y 1922, 89, 109. 

Compies rend. Soc. Biol.y 1922, 86, 271. 
iiiJJioc/iem. J., 1922, 13, 466. 

Analysty 1922, 47, *419. 

Ibid., 424. 
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CELLiTLpjB Fermentation. 

The writer is indebted to Mr. H. Ltiifgwell for the following notes 
on the present state of cellulc^o fermentation. * 

The wood distillation industry is, at present, nfbr\bund, and is 
only kept alive by the demands "^r methyl alcohol, and, to some 
extent, atjetic acid, #)ut the first is the more important. The 
fermentation of cellulose produces acetic acid and methaiie very 
cheaply, and recent developments indicate that formaldehyde and 
methyl alcohol should be obtainable from the methane in good^ 
yield at a low price, so that there should l^e a good opportunity 
for the introduction of cellulose fermentation processes in the 
near future. 

Many fibrous materials, e.gr., sugar cane megass, papyrus, maize 
stems, elephant grass, etc., occurring in enormous amounts, are 
not of prae-tical value for paper-making, on account of the high 
proportion of pithy matter present. Recent developments in the 
McRae process for removing this pith mechanically have given 
promising results, so that there is obtained a pith consisting of 
nearly pure cellulose of no use for paper-making.^ and^ high-grade 
])roduct which is excellent for that purpose. The pith portion is a 
very suitable raw material fo^ the fermentation process, being cheap 
and already collected to a centre. 

iSaa'harification processes. — H. Terrisse and M. Levy have 
still further develop«d the saccharification process for cellulose and 
wood waste, using 40% hydrochloric acid. This is understood to 
have been fairly successful oiua small scale, the difficulty being the 
recovery of the acid. Zellstoff-fabrikWaldhof uses sulphuric acid 
(about 70%), and after saccharification the acid is employed for 
making superphosphates. Both processes seem likely to develop 
as they * are particularly suitable for highly lignified materials, 
such as wood. After saccharification the process is an ordinary 
fermentation pixjcess. 

In addition to the process just described bacteriological processes 
may be classified under biological saccharification and direct 
fermentation. The first has been referred to in “ Fuel for Motor 
Transport ” (2nd memo.), p. 13, issued by the Fuel Research 
Board .1^® 

Direct fermentation . — So far the only account published of work 
aloflig these lines refers to the Power Spirits process now w’^rking 
on a semi-industrial scale. *The ipost resistant celluloses 
hav(^ been proved to fermyit almost as rapidlj^ as the sugars and 
starches. • Yields ot Acetic acid up to 70% of the cellulose fermented 
have been obtained in 2000 gallon cultures, while alcohol may ^be 

U3,212; J., 1921, 406a. 

»i6E.P., 147,416; J., 1921, 866a,* 

Dept, of Sci. and Ind. Research.* 
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obtained up to 70 eallons per ton Af.,ceUulose fermented, ^ere 
are two types of f^rmentotfon depending upon the conditions, 
and not lipon the organism (which ^seems to be the same for both 
fermentatioijs); so' that with pure cellulose either type may 
obtained at will. Ihirc cultum, are not necessary, owing to the 
highly selective nature of the medium. The<<irst type yields carbon 
dioxide, methane, and acetic acid only; the secoild a smaller 
amount of acetic acid, alcohol, hydrogen, and carbon dioxide, 
but no methane. All carbohydrates from pentose 'sugars to 
cellulose yield much .the same products under similar conditions. 
Certain forms of waste cellulose are so cheap and abundant that it 
is likely that the main products, alcohol, acetic a.cid (acetone) and 
methane (formaldehyde and methyl alcohol) will find a market 
as a motor spirit containing alcohol and acetone, with formaldehjde 
and methyl alcohol as by-products. i f i 

G W. Monier-Williams has published a very clear and useful 
book “ Power Alcohol : Its Ih-oduction and Utilisation, m which 
he traces the development of the motor fuel position, sources of 
raw materials, and the profluction of alcohol from cellule^. A 
fourth" voluL of* Cross and Bcvaii’s book 

work of the last ten years, has also been published during the year. 
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By G. W. Monier-Williams, O.B.E., M.C., M.A., Ph.D., F.I.C., 
Ministry of Health, London. 

[n reviewing the progress in food chemistry* during the past year 
it will be convenient to deal with the subject on the lines adopted 
in last year’s report. Considerable progress has been made* in 
research work in many of the directions indica+-t‘d last ye^r, although 
it cannot be said that many results of striking interest or importance 
liave been achieved during the period under review. Much of the 
(‘xperirnental w'ork now being carried out on foodstuffs in this 
country is conducted under the aegis of the Food Investigation 
Board of the Department of Scientific and Industrial Research. 
Their policy ^f giving first place to research (?n fiftidam«ntals, 
rathc^r than to ad hoc investigations of limited scope, is undoubtedly 
a wise one. The latter course might be expected to furnish results 
of more immediate value to the food manufacturer, but it is clear 
that organised research into the fundamental problems of bio- 
chemistry is essential if real progress is to be made. 

Proteins •and Nutrition. 

Aii imp(U’tant conlfribution to the question of the biological 
value of protein is to be found in a paper by 0. J. Martin and 
R. Robison.^ After an extremely clear and comprehensive 
liistorical survey of the subject, the authors give details of a lengthy 
scries of experiniriiis carried out upon themselves. The biological 
value of a protein as defined by Karl Thomas in 1909 is the number 
of parts of body nitrogen rciilaceable by 100 parts of the nitrogen 
of the protein. For the protein of whole wheat Thomas found this 
value to be about 39%, and this is approximately confirmed by 
Martin and Robison. For milk protein, however, the latter investi- 
gators find a biological value of only 51%, as against Thomas' 
^'alu^ of 100%, a result which seems to indicate that milk is not so 
complete a foodstuff as has formerly been supposed. The arSuoqs 
nature of investigations of this character^ can b# judged from the 
following Extracts froHm the ^aper. “ In the experiments upon milk 
we abandoned all attempts to make the basal ration resemble a 
repast, and drank a suspension of uncooked com starch in a satur- 
ated solution of lactose. This w^s followed by an alkaline salt 

1 Biochevi. J., 1922 , 16 , 407 . 
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mixture and 2 grm. of agar-agar.** 'f^gain, in referring to another 
diet : “ after the first few da 3 f 3 of this diet no desire was felt for this, 
or for any other food, nor did the sight of our first normal meal 
at the close of the experiment arouse any appetite.’* 

G. A. Hartwell ^ points out, ^ as a result of ‘a long scries of experi- 
ments on lactating rats, the * importance oi a balanced diet in 
preventing the onset of pathological symptoms in*' the young. 
She found that when diets containing excess protein of various kinds 
were fed to the mother, even though the diets contairfed all the 
supposed essential constituents, the young were adversely affected. 
The relative amount and nature of the different additions necessary 
fot normal iactation, and for development of the young, varied with 
each protein. In some cases, e.gr., cascinogen, the addition of yeast 
juice was sufficicint, v/hile in others, e.gr., egg albumin, yeast extract, 
although effecting some improvement, was not completely successful. 

L. Berczeller ^ has carried out a long series of experiments on the 
feeding of rats. It was found that the animals when given the 
choice of different foods were not necessarily attracted by instmet 
to the most suitable diet, and frequently chose unsuitable combina- 
tions leading to early death. ^ * 

The work carried out recently by W.^M. Clifford * on the estima- 
tion of carnosinc in muscular tissue, has been applied to the problem 
of distinguishing analytically between fresh and cold-stored meat. 
Camosine, or ^-alanylhistidine, when treated with diazotised 
sulphanilic acid in sodium carbonate solution, gives a red colour, 
and by matching the depth of colour with that of a standard solution 
of methyl orange and Congo red an appro;>cimate estimation may 
be made of tbe amount of camosine present. The estimation is 
made on a watery extract of the meat, from which soluble proteins 
have been removed by metaphosphoric acid. Twelve samples of 
. English beef examined by this method over, a period of two years, 
showed from 0-96 to M% of camosine, while five samples of 
imported beef gave from 0-35 to 0-37%. The accuracy of pais 
method is questioned by G. Hunter,® who prefers to precipitate 
proteins by coagulation at 70° C. in acetic acid solution, and who 
maintains that various other substances in the extract contribute 
to the colour produced with the reagent. In most cases, however, 
the error due to the latter cause is not more than 5%. A^more 
important objection raised by Hunter is that the camosine content 
bf 'muscle varies with differen^ members of the same species rf, 
animal. Thus, m four rabbits the iimount^ found varied 

\IUd., 1922, 16 , 78. 

• ,^Biochem. Zeits., 1922, 129 , 217, 239, 251, 270,i289, 313, 320; 
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0-026 to U-lU17o> and in foiy:%amples of beef from 0*340 to 0*640%. 
It is not stated, however, whether any «f the lUter samples had been 
subjected to cold storage. I. A. Smorodinow® finds 0-289% of 
camosine in pork, and state's that pork is particularly rich in 
creatine and camosirits, as compared. with the flesh of (jther animals. 
A roliabloi method foi; differentiatihg between fresh and cold stored 
meat woul(> be valuable, but the camosine method woulr* seem not 
yet to be established on a basis sufficiently sound for this purpose. 
That the amino acids produced by hydrolysis of the protein of 
different kinds of flesh may vary considerably in different parts 
of the same animal is shown by J. L. Ro^sedale.’ The greatest 
differences were found in the lysine content. Thus, the protein 
from the breast of a chicken gave only 1 % of lysine, and from the 
leg 107o, while the back of a rabbit contained 13% of lysine, as 
against 5% in the leg muscle. Red meats were found to contain 
more lysine than white meats. 

L. Liischer® has investigated the accuracy of Von Fikrth’s colori- 
metric method for the estimation of tryptophane in the products 
of protein hydrolysis. He maintains that the usual method, which 
depends on the blue coloration given by tryptophifne w^th foi%nalde- 
hydo and sodium nitrite g»ves results about 30-50% too high. 
He proposes to use benzaldehyde in place of formaldehyde and 
states that the matching of colours is thereby facilitated and more 
uniform and accura^ results obtained. 


Vitamins. 

The most important advance of the year in the domain of acces- 
sory factors has been the definite recognition of light, particularly 
sunlight, as a preventive and curative agent in cases of experimental 
rickets in animals.® .Although this aspect of the rickets question 
does not fall strictly within the scope of a review on foods, the 
subject is so closely bound up with dietary considerations that it 
may usefully be considered here. In last year’s report the view 
that rickets is a deficiency disease, arising from lack of vitamin A, 
associated with insufficiency of calcium and phosphorus in the diet, 
was considered in some detail. Noel Paton and Findlay and their 
co-workers of the Glasgow School have, on the other hand, main- 
tained that the chief determining factor in rickets is confinement, 
together with lack of fresh air ahd exereise. They incline to the 
view fhaj> rickets is of thf nature of an infection, and that diet 

• Z. physiol Chem., 1922, 123, 116 ; J., 1922, 953a. 

’ Biochem, 192^ 16, 27. 

* Ibid,, 1922. 16, 656. 

® G, F. Powers, E. A. Park, P. G. Shipley, E. V. McCollum, and K. 
S^niihonds, J Amer, Med, Aasoc,, 1922, T8, 169, 
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plays only a secondary part. Anieriian workers have now shown 
that rickets can be pAiventcd ^n rats by exposure of the animals to 
sunlight. tRats fed on a diet which, under ordinary conditions of 
confinement, invariably gave rise to' rickets, remained entirely free 
from this dilsoase if exposed to, sunlight fore a total of 242 hours 
over a period of 62 days. They conclude th^t the sunlight in some 
way raises the efficiency of the body cells, enabling thotorganism to 
put into operation regulatory mechanisms which would otherwise 
have been inoperative or ineffectual. The function of light and of a 
factor or factors contained in cod-liver oil and certain other foods, 
is to exert a regulatory influence over the mineral metabolism of the 
body having^ to do with bone formation. When the body is deprived 
of the regulatory action of certain light rays and of the food factors 
in question, disturbances in the inorganic metabolism of the body 
are permitted to develop. The value of sunlight and of ultra-violet 
light in preventing and curing rickets in children has been recognised 
for many years, and these experiments on rats^iifford striking 
confirmation of the known facts as to the geographical and seasonal 
variation of the disease. Rickets does not occur in the tropics, and 
in temperati.^ zofies it shows almost invariably a sjbeady increase 
during the winter months. The recognition of the role played by 
light, w^hile going far to reconcile the conflicting views hitherto held, 
would seem still further to complicate the problem. One’s mind 
naturally turns to the body-pigments, such as hoemoglobin, which 
have the powder of absorbing certain light rays, and to the possibility 
of some substance analogous to vitamin A being - produced by 
photosynthesis in the human skin. * If this be the case, it would 
seem, however, that the mechanism of the .photosynthetic ‘process 
must be different in the tw^o cases. Experience seems to show 
that sunlight, to be effective in curing rickets in children, must be 
direct, and that if it reaches the skin through glass, or other 
•absorbent for ultra-violet rays, it loses mtich, of its potency. 
Plants, on the other hand, can utilise light of long wave length, 
and can synthesise vitamin A when grown under glass, or when 
submerged in water. 

. McCollum and his co-workers have brought forward evidence 
which indicates that the anti-rachitic factor in cod-liver oil is not 
the same as that which favours growth, and which, when absent 
from the diet, produces in rats the affection of the eyes knoA^n as 
xerophthalmia'. They have foupd that if cod-liver oil be heated 
for 12 'to 20 hrs. |m the •presence of oxygen it loses its vitamin A, 
as judged by its curative effect on xeA)phth^lmia in raft;, but 
its property of preventing rickets is not diminished.* 
oils are deficient in both factors, with the exception of coomm 

E. V. McCollum, N.*Simmond&. and J. E. Beckor, J. Biol 
63. 293 ; J., 1922, 873a. 
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oil which contains the antilrachitic factor but not vitamin A. 
The function of the anti-rachitic factor aj^pears to bo that of 
stimulating calcium deposition. i 

The elucidation of ’the origin of the vitamin, A fpund m marine 
animal oils has bc^ei* carried a step farther by H. L. Jamieson, 

J. 0. Dnjmmond, and K. H. Coward, who have succeeded in 
growing a marine diatom in pure culture, and in feeding it to rats 
as the sole source of vitamin A. They find that this diatom is 
extraordinarily potent in promoting growth, a daily quantity 
n^presenting only 4 mg. of oil being sufficient for a rat. Thus 
the oil of this diatom is of much the same order of potency as cod- 
liver oil, the minimum dose of which for rats was found by S. S. 
Zilva and M. Miura to be from 1*7 to 5 mg. The close parallelism 
between the conditions on land and in the sea as regards the 
occurrence and distribution of vitamin A is emphasised by J. 0. 
Drummond, S. S. ZUva, and K. H. Coward, in a paper summarising 
some of the results of a visit to the Norwegian cod fisheries m the 
summer of 1921. In the more northern latitudes it is probable, 
as pointed out by Moore, that owing to the limiting angle of redac- 
tion of light, the amount of sunlight penetrating 4)eloW the surface 
of the sea irf winter is very small. As the altitude of the sun 
increases in spring there occurs* a rajiid multiifiication of diatoms 
and other minute plant life. These diatoms contain the characteris- 
tic pigment, fuco-xan thin, together with chlorophyll, carrotene, and 
xanthophyll, and art able to synthesise vitamin A precisely in the 
same way aa green land plants. Some short time after the rapid 
rise in diatoms and other pIAnt organisms there is an associated 
rise in the number oi mircoscopic animals, particularly copei>ods, 
and these form the main food materials of the smaller fish. In 
Norway the spring rise in the number of diatoms, and hence in 
copepods, attracts enormous shoals of small fish, chiefly capelan 
(Mallotus vilosu-^\ to the northern coast (Finmarken), where they 
spawn. These shoals are followtid by great numbers of cod, coal- 
fisji, haddock, and other species which devour the capelan m enor- 
mous quantities. It is probable that the diatoms are^ the sole 
original source of vitamin A for fish, just as are greem plan^ for land 
animals, as no case has yet been recorded in which this factor can 

bo synthesised by the animal organism. . , • xu 

A further parallelism between land and sea animals is the pro- 
vision made for the supply of vitamin A to the young. Tl«) ova 
of fish normally contain large amounts of this factor. During tile 
subscemewt development oil^the young larval fish the vitamin is m 
some way Utilised so that at or shortly before the stage at which the 

^ Biochem, J., 1925, 16, 482; J., 1922, 913a. 

“Ibid.. 1921, 16, 654. • 
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contenta of the yolk-sac are absorbedi the supplies of vitamin are 
almost exhausted. This appears to be bne of the reasons why this 
stage is su(^h a critical one in £he development of, c.g.^ trout in fish 
hatcheries.i^ ^ . . 

The vitamin content of some Indian foodstjuffs has been investi- 
gated by S. N. Ghose,i« ^ho has«obtained indications that bleached 
flour is deficient in vitamin B as compared i^ith unbleached flour. 
This is an important observation, and it is very desirable that 
investigation of this point should be extended to whea^^ flour as 
bleached in this country. It is known that the main effect of 
bleaching flour by means of nitrogen peroxide is the destruction of 
part of the carrotene and xanthophyll naturally present, to which 
the yellow colour of the flour is due. Although these pigments have 
not, in the pure state, any effect on growth, and have been shown 
not to be identical with the growth-promoting factors, yet it is 
undoubtedly the case that foodstuffs rich in carrotene are, more 
often than not, also rich in one or more of the ace^^ssory factors. 
It is by no means certain that there may not be spine connexion 
between them as they exist in the foodstuff, and it is at least possible 
that a*, chemical ugent which oxidises or otherwise destroys the 
natural pigment may, at the same time, destroy* some of the 
accessory factors. If this be the case, ^e widespread practice of 
bleaching flour with nitrogen peroxide may have an effect on its 
nutritive value far more significant than the presence of traces of 
nitrites, or minute changes in the character of the proteins or fat. 

Canned Foods. 

The bacteriology of canned meat and fish is the subject of an 
important report by W. G. Savage, B. F. Hunwicke, and R. B. 
Calder.^’ These investigators lay stress on the fact that sterility 
is not, in itself, a reliable test of soundness, and that samples cannot 
be justifiably condemned merely because they are not sterile. 
TJnsoundness in tins is usually the result not of bacteria gaining 
access from outside, but of the conditions within the tin having 
become changed (e.g,, by access of sterile air) in such a way as to 
enable bacteria already present to multiply and decompose the food. 

Yeasts may cause unsoundness in products containing sugars, 
such as canned fruits and milk, but are of no importance in m^t, 
and fkh products. Moulds are chiefly of interest as evidence of*1be : 
access of air. Among tiie bacilli the obligate anaerobes, when 
founds were nearl^ always associated iwith active decopipositionc 

K. H. Coward and J. C. Drummond, ibid., 1922,16, 631 ; /.*, 1922.99^! 

J. Hj.ort, Proc, Roy. Soc., 1922, B 98, 440 ; i7., Ji922, 664 a. 

Biochem. J.i 1922, 16, 35; J., 1922, 343a. : ■ 

” Special Report No. M of Pood^InvestigcUion Board, Dept, ot 
juid Industrial Research, 1922. 
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of the food. Sporing and nonisporing aerobic bacilli cause spoil^e 
only in proportion as the;^ possess ]jroteolytic or fermentative 
abilities. It was observed that mady aerobic sporing prganisms 
can multiply under sttringent anaerobic conditjons^j but not with 
sufficient freedom to produce proteolytic enzymes, thermophilic 
bacteria, which have hitherto beer^ frery little studied, are widely 
present in* c^finned fo<fds, but are practically all non-})roteolytic. 
No bacilli of the food-poisoning type were found in any of the 
products examined (116 tins of meat and 207 tins of various food- 
stiiifs), nor was any evidence obtained that the organisms associated 
with the unsound conditions were pathogenic to man. 

A second report by W. G. Savage^® on the methods used for the 
inspection of canned foods has been issued by the Deijartnient’of 
Scientific and Industrial Research. This report, which deals with 
canned marine products, is on the same lines as the one on canned 
moats by the same author published in 1920, and referred to in 
detail in last year’s Annual Reports (p. 485). Another publication 
on canned foods is in the form of a circular by W. 1). Bigelowy® 
sent out by the research laboratory of the National Canne’ s’ Associa- 
tion, and dealing with springers and perforations lan etinned rfruit. 
An interesting^eature of these two reports is the discussion on the 
causes which lead to “ springers, V ix., cans which have lost their 
original vacuum without actually becoming blown, and the sides 
of which can be pressed in with the fingers and spring out again on 
releasing the pressure? Bigelow ascribes the loss of vacuum in the 
majority of CJ^ses to the production of hydrogen by the action of 
organic acids upon innumieraWe pinpoints on the inner surface 
of the can where the coating of tin is defective. Eventually this 
action may lead to actual leaks. Savage mentions that many cans 
showing a springy condition were carefully tested by the most 
reliable methods available, but no evidence of a leak was detected. 
In about 50% of springy tins the contents were sound and in these 
there was no evidence of any formation of gas by bacterial agency. 
He ^oes not, however, refer to the possibility of hydrogen being 
produced by chemical action. In this connexion reference may 
be made to Serger’s analyses of the gases found in blown cans, 
discussed in last year’s Annual Report (p. 486). These w'ere found 
to contain in a few cases as much as 60% of hydrogen, although 
carbon dioxide and nitrogen were usually predominant. It is not 
at all-clear to what extent the taking up of tin by canned foods is^ 
accompanied by production of hydrogen, and the jiction of various 
foodstuffs t>n tin wopld seeui. to require further mvestigation on 
the pittely ehemical si&e. 


Special Report No^ 10 of Food Investigation Boards Dept, of Scientific 

ond Industrial KeFoarch, 1922. • ^ . t i r moo 

Cannera' Asaoc, RCaearch Lgiboratory Circular l-i, 1922. 
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One of the most interesting casqs of food poisoning of recent 
years was the outbneak o^^ botulism fit Loch Maree, in Rossshire, 
last Augvst, resulting in the^'death of eight persons. This was the 
first recorded gase^of poisoning by Facillus hoiulinus in this country, 
although thks type of f ood-poisoying has beci^ recognised for nearly a 
century on the continent, wKwre it is often spoken of as “ sausage 
poisoning.” In the United States, partit^ularly op, ^the Pacific 
Coast, it is comparatively common, and E. C. Dickson^® considered 
that it is endemic in some parts of the States. bacillus itself 
was first isolated by Van Errnengem in 1896. Botulinus poisoning 
is marked by an extremely high incidence of mortality — 30-50%, 
or even higher — and the symptoms are quite distinctive, being 
characterised in the early stages by double vision, due to paralysis 
of the eye muscles, followed by progressive paralysis of the throat 
muscles, and eventually of the whole central nervous system. The 
bacillus is strictly anaerobic, and appears to be unable to develop 
in the animal body, the symptoms being due entii*ely to the 
extremely potent toxin previously produced in the foodstuff. 
The spores themselves, in moderatt*. number, may be swallowed with 
impunity. •’ Danger arises only when the number is so large that the 
toxin in the spores themselves is" sufficient to produce symptoms, 
or when vegetative growth, with ^companying production of 
toxin, has commenced. According to oavage,^' as little as 0‘0003 to 
0-001 c.c. of a broth culture, when injected into a rabbit, will kill 
it. Savage states that the majority of the*- American cases have 
been traced to home-canned vegetables or fruit, but outbreaks have 
frequently followed the consumption of smoked and tinned meat, 
raw and salted fish and other foodstuffs, ^n the Loch Maree cases 
the infection was tracc*d to wild-duck paste, put up in small glass jars. 

The manner in which this paste came to be infected with the 
bacillus is not clear. American investigators have shown that 
Bacillus botulinus is often found upon the surface of growing fruits 
and vegetables, bruised cherries, decaying leaves, and the bodies of 
insects, and that its spores are fairly widely distributed through 
the soil of the Western States. Both the bacillus and its toxin 
appear to be easily destroyed by heating to 70°-80° 0. The spores, 
which are readily formed under suitable conditions, are far more 
resistant to heat, it being stated that exposure to a temperature of 
100° C. for 5 hrs., 105° for 40 mins., or 120° for 6 mins, is required 
to icill them. The United States Department of AgriefUture 
states that they ^re killed in 1-4 hrs. at 100° C. At the enquiry at 
Dingwall .evidence was given to the effect that the wildjduck paste 
in question had been processed at a temperature of 102° C. fo^- 

' “ Botulism,” Monograph of the Rockefeller Institute of 

Elesearch, New York, 1948. « 

4^ “ Food Poisoning and Food,Infections,” Cambridge, 1920. 
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50 mins. In this connexionlreference may be made to the work 
of G. E. Thompson in 1919*22 and in 1920, on the 

rate of heat penetration in processing canned foods, * to which 
detailed reference was made in last year’s liojfDort (n. 484), and 
which ^owcQ how extremely sloMily^ heat penetrates ro the centre 
of a can, the foodstuff he in a pidpy or finely-divided state. 

It does not, however, follow that the presence of living sp.ores in 
canned food will necessarily give rise to dangerous amounts of the 
toxin. The conditions as regards temperature, acidity or alkalinity, 
nature of the foodstuff, etc. may not he favourable to the vegetative 
growth of the spores, and it is possible that the conditions necessary 
for this particular bacillus are somewhat sharply defined, and 
are but rarely present. 

One possible safeguard against the consumption of food danger- 
ously contaminated with Bacillus hotnlinus is the ]ironounced 
(wlour of butyric acid which is produced, but with highly-seasoned 
products this indication may easily be masked. A further safeguard 
is the fact tliat this bacillus is a gas-producing organism when 
glucose is present, and should cause blowing of the |in if jt multiplies 
in canned fru^t.^^ 

An interesting aspect of matter is the possible relationship of 
Bacillus boiulinus to the so-called “ lirnberneck ” disease of chickens, 
and to “ fodder ” or “ grass disease ” in horses. It appears that 
more than one type* of Bacillus botuUvus may exist. Type A is 
responsible for food poisonitig in man, and also, apparently, for 
the disease ili’chickens, but it is not clear to whai. extent the type B 
bacillus, which is alleged to be responsible for grass sickness in 
hors(“'\ is concerned in food poisoning cases. It is perhaps no 
more than a coincidence that grass sickness should be prevalent 
in certain parts of Scotland, having been first investigated by a 
s])ecial Committee of the Highland and Agricultural Society of 
(Scotland in 1918.“* 

A useful paper by R. E. Essery^"’ draws attention to the value of 
fisl? scales as a means of identification of the fish used in manufac- 
tured products. Diagrams are given which show that the typical 
scales of various fish are widely different in appearance and are 
quite characteristic of the individual. 

C. Punjell and C. H. Hickey 2® have noted the occurrence of 
well-tlefined crystals of struvite (magnesium ammonium phos^ate 
MgNH 4 P 04 , 6 H 20 ) in canned shrimps. -The jjresence of this 
compound, in foodstuffs ap]|ears to be very unusual, and would 

^ J. Ind*Eng. Cliem., 1919, 11, 657. 

** W. G. Savage, Tfi^ Medical Officer ^ July 15, 1922. 

2* VeteHnary J., 1922, 78, 125. 

2® Analyst, 1922, 47, 163; J., 1922, 387a. 

« Ibid., 1922, 47, 16. 
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seem to indicate that the foodstuff ^must have become strongly 
ammoniacal th;:ough decomposition. Whether or not the shrimps 
in question were in a sound condition is not stated. 

Storagi? op Fruit. ^ , 

A long rhume of work carried out on the storage *of apples is 
given in the Annual Report of the Food Investigation Board for 
the year 1921. Q'he enquiry is being carried out along three main 
lines : the preservation of fruit by cold or by “ gas ” storage, the 
chemistry of the process of ripening, and the diseases of fruit when 
stored. It is concluded that a temperature of 1°X]. is most satis- 
factory for the cold storage of apples, and that of apples grown on 
different soils, those from silt have the best keeping properties, 
while those from open clay and fenland are the least adapted for 
long storage. In clay soil, the fruit from trees grown on grass land 
was superior in keeping qualities to that grown on open ground. 
A sharj) distinction is drawn between loss due to physiological 
diseasp such- as ‘Vscald and that due to mould. At 1° C. the loss 
is almost entirely due to disease, moulds being unable to develop 
actively until a temperature of 3°-5° C. is reached. Further 
factors which may influence the keepiifg qualities of apples in cold 
storage are the age of the tree, the size of the fruit, and the degree of 
maturity when placed in cold store, and these factors are being 
investigated. 

Apple “ scald ” is a brown disfigtiring mark on the skin of the 
apple. It is at first confined to the skin, ^nd usually appears in 
the first instance on the green side of the apple, but affected areas 
become readily infected with mould, which soon causes destruction 
of the apple. It appears that artificial “ scald ” can be produced 
oh apples by the vapours of ethyl acetate and^amyl acetate, and it is 
possible that these and similar odorous constituents given off by 
apples during storage may be a contributory cause of “ scal(}.’* 
American investigators have found that scald may be completely 
prevented by wrapping the apples in materials impregnated with 
an odourless mineral oil, wliich apparently acts as an absorbent 
for odorous constituents, and this has been confirmed by experi- 
ments carried out in this country. 

^ Tlffe gas storage of fruit is thp subject of another patent taken 
out by the Imperial Tfust for Encouragement of Scientific and 
Industrial Research.*’ The claim is ifcacle fpn the storage of fruit v 
in an artificial atmosphere containing up to 20% of oxygdn and 20^ 
^of carbon dioxide, the atmosphere being saturated up to 
with water vapour. 

A 

f E.P. 172,673 J., 1922, 116* 
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M. H. Carr6 and D. Haj^ribs*® discuss the conditions under which 
pectin is hydrolysed by sodium h^d#oxide* and §how that if the 
hydrolysis be carried^ out under certain conditions and fche solution 
subsequently treated* with ace*tic acid and calcij^rn ehbride, calcium 
pectate is precipitaicd quantitoitiYely in a form wuich is easily 
washed 4 ind dried. ^Test anaiy^-s indicate that the method is 
accurate. •The weight of calcium pectate obtained fion 100 g. 
of apples is about 0-5 g. It has been found that the soluble pectin 
of stored a^)X)les reaches a maximum and then declines. Full 
ripeness is reached slightly before the sta^e of maximum pectin 
content, and over-ripeness and rapid break-up of the fruit coincides 
with a decrease in pectin content. 

Milk and Dairy Products. 

A gi’cat deal of work has been done in recent years in connexion 
Avith the pasteurisation of milk, a subject which is now very much 
to the fore, in view of legislative enactments either already in 
force or x)roposed. In the pastemrisation of milk we may distinguish 
two chief methods, the ‘‘ flash ” process and the “^holding ” process. 
Jn the fornu'r the milk flows in a continuous *stream through a 
system in wnich it is rap'dlv heated to about 175° F. (80° C.), and 
almost immediately cooled. The milk is exposed to this tempera- 
timc for a very short time, not more than thirty seconds or a minute. 
Ill the holding process the milk is heated to a lower temperature, 
145° F. (63° 0.), but is rqtained at this temperature for about 
half-an-hoUi*. In last year's report (p. 482) the relationship between 
temperature and time necessary to kill any given type of micro- 
organism was illustriftcd by some results obtained by Bigelow for 
canned foods, and the same kind of relationships hold good in the 
pasteurisation of milk. The lower the temperature the longer 
the time required to effect efficient pasteurisation. In the case of 
milk it is of fko greatest importance that the taste and other 
c;haracteristics, such as the rising of the cream, bo not adversely 
affeck'fl, and that the accessory nutritive factors, which are sensitive 
to heat and oxidation, be not destroyed. Opinion in this country 
definitely favours the holding process as being the more efficient, 
and the less likely to damage the milk from the nutritive stand- 
point. Most of the holding processes hitherto in use, however, 
do .pot allow of a continuous flow through the apparatus, a^d this 
is a great disadvantage when large quantities of milk have to be 
dealt with expeditiously. Attempts have beentmade to overcome 
this by th*e use of 9 o^alled^“ flow-holders,’’ in which the milk flows 
continuously through a heater of such a size that the milk stream 
takes about half-an4iour to pass from the inlet to the outlet. It is, 
however, almost impossible to ensure that each particle of milk 

« Biochem, J., 1922, 18, 60 ; J., 19*. 342a. 
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will remain for the same time in the Keater. Owing to convection 
and eddy currepts soAie of Chp milk will pass through very much 
too quickly, while there will always be a residue in some corner of 
the vessel which m^\y remain there !tdr much longer than half-an- 
hour. This effect can readily, be demonstrafjcd by adding a dye 
to the milk at the inlet, and ob^*rving how Ipng it takes if or traces 
of the dyed milk t(j reach the outlet. If the holder be^designed to 
hold the milk for lialf-an-hour and the dye appears at the outlet 
in 1\ mins., the holder may be said to have an eliicieitcy of 25%. 

Many flow-holders now on the market have efficiencies as low 
as 10 or 15%, and it is rar(5 to find one as high as 50%. Moreover, 
it is not by ^iny means certain that a full-sized })lant will show the 
same efficiency as a small-scale model. If a sufficient number of 
baffles were introduced the efficiency could, of course, be greatly 
raised (a flow holder filled with shot or glass marbles would probably 
have an efficiency of 100%), but the practical impossibility of 
keeping such a vessel clean prohibits its use in i<;tual practice. 
With absolute or “ ])ositive ” holding processes, apart from the 
difficulty of providing for a continuous flow^ leakage through the 
outlet* cock ‘has hitherto given rise to much trouble. After pro- 
longed use almost every type of cock is liable to leak, with the 
result that a minute quantity of practi#illy raw milk is constantly 
passing through into the finished product. These defects, however, 
would appear to have been overcome in,:^ecent models. The 
diagrams below indicate the principlcfj upon which some of these 
forms of positive holder are constructed. ♦ 



Fia. 1. Fig. 2. 

* The' circular vessel, A .(Fig. IJ, rotates slowly upon its vertical 
axis, taking app^roximately half-an-l^pur to make a ^complete 
revolution.' It is divided into compartments whicht are filte^S 
automatically as they come in turn under the inlet pipe, B, 
milk preVjjpusly heated to the required temperature. Each 
partmerit Ml provided* with an 'outlet which remains closed 
the rotation of the vessel brings the compartment in qnijpte 
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directly over the fixed receiyir, C, when the outlet cook is automati- 
cally o]^ned and the contents disy.lmrgcd.* The, process is thus 
continuous and any, loakagc from the outlet cocks during the 
holding of the milk flows down a separate channel, find not into the 
final receiver. * 

Figure *2 shows a aecond form in which the compartment vessel 
is stationary while the inlet pipe and the receiver for the j)dsU}urised 
milk rotate sjowly round the vertical axis. As the receiver comes 
into posftion below each compartment the outlet cock is opened 
automatically, and subsequently closed. , 

An interesting form of pasteuriser has been developed in Denmark, 
in which the milk is passed through a system of t\f])e under a 
j)ressure of 90 lb. jier sq. inch and heated to a temperature of 
275° F. (135° C.) for a period of about 45 secs, Tlie a])paratus is, 
in effect, a flash steriliser, all micro-organisms being completely 
destroyed by the high teniperatiire employed, but it is claimed that 
the complete absence of air during heating prevtmts the milk from 
a(;quiring a burnt tast(‘, and that the destruction oi accessory 
factors by oxidation is avoided. Milk sterilisc^d 1^ thi| procj^ss and 
introduced Milder sterile conditions into sjiecjially constructed 
churns has been shqiped to thi^s country from South Africa, and 
has arrived in perfectly good condition, being hardly distinguishable 
from fresh milk. The process does impart to the milk a very slight 
“ biscuity ” flavour* but this is in no way comparable to the pro- 
nounced burnt taste of boHed milk. It is not clear whether the 
small amount of dissolved oxygen, of the order of about 10 c.c. per 
litre, which is alw^ay.^ present in fresh milk, and which gradually 
diminishes on keeping with production of carbon dioxide through 
bacterial action, is removed from the milk prior to sterilisation. 
Unless this be done it would seem that some oxidation must occur 
during the process. One patent has for its object the withdrawal 
of dissolved gases by subjecting the milk to sub-normal pressure 
previous to pasteurisation.-® 

A novel method of preserving milk is the subject of an American 
patent,®® Fresh milk is agitated under a partial vacuum at 
approximately the same temperature as that which it possesses 
at the moment of milking, and is then charged with carbon dioxide 
and filled into containers at a terajieraturc' of 40° F. (5° C.) tinder a 
pressure of 6011:. per sq. in. 

A long paper by A. F. Weinlig ®**discuss^ the changes taking place 
in milk oj> pasteurisation aj various temperaturdfe under laboratory 
conditions^ mainly* regard to the rising of the cream, the 

2® 4. Jens€.n, U.S.fi. 1,396,032 ; ./., 1922, 30a. 

L. Amoldi, U.S.P. 1,403,223 ; J., 1922, 1o4a. 
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coagulation of albumin and the alterati^in in the casein due to th,e 
partial precipitation of calciun\ and magnesium salts. 

The non»protem nitrogenous substances in, milk are the subject . 
of two papers, inVwhich it is shown that milk contains lysine, 
arginine, histidine, guanine, ad,eniine, choline,^ creatine, creatinine, 
uric acid, and urea. The concentration of those in the blood seems 
to control the amount secreted in the urine, and also the quantity 
present in the milk, the mammary gland acting to some extent as 
an excretory organ for the waste non-protein nitrogenous substances 
in the blood. 

A paper by G. Vialc*and A. Habbeno®^ on the Chemical changes 
occurring in pondensed milk on keeping is of interest in view of the 
attention now being paid to the question of standards for condensed 
milk and methods of analysis of the sweetened product. They 
find that, in general, the acidity increases on keeping, but is subject 
to considerable variations. This increase of acidity brings about a 
slow hydrolysis of the proteins, and polypeptides, which are absent 
in fresh milk, show a marked increase on storage. A partial 
hydrolysis of disaccharide also takes place, some of the older 
sample showing a decrease in lactose to half the original figure, and 
a decrease in sucrose to about 15%. The fat content in fresh sam- 
ples was 8*6%, and fell after kee})ing4or several years to 34%. , 
These observations refer to milk which had been kept for periods 
of from J to 8 years, and which had in many ^.ases become brown, 
owing to oxidation of acids or decomposition of sugars. It is not 
likely that such extensive changes would be observed in the ordinary 
condensed milk of commerce, but the fact that, they are liable to 
occur should be borne in mind when examining these products. 

Increased attention is being directed to the utilisation of whey,®* 
and one patentee proposes to treat whey with lime below 70° C. to 
form the calcium compound of lactose, which is subsequently 
‘treated with carbon dioxide or sulphur dioxide, and the clear liquor 
evaporated until crystallisation commences.®® D. Thomson®* 
proposes to reduce the acidity of whey in stages by success^^e 
additions of alkali, the protein precipitated at each stage being 
filtered off, washed, and dried. The addition of alkali is continued 
until the reaction of the liquid corresponds to p„”10-5, i.c., weF 
on the alkaline side. On evaporation of the solution the whole ol 
the remaining protein coagulates and the lactose is recovered froup 

' »®T. Hijikata, J.Biol. Chem,, 1922,61, 1G5; J., 1922, 34U. W. Taylo« 
Diochem. J.,^ 1922, 16, 611; J., 1922, 993a. | 

Biochem. Terap. Sperim., 1921, 8, 326 ; J., 192^, 725a. 

®*4nn. Eepts,, 1921, 6, 493. 

. •» B. Bleyer, G.P. 341,787 ; J., 1922, 71a. •• 

»«D. Thomson, E.P. 173,831 ; J., 1922, 192a; U.S.P. 1,428,820 
1922, 834a. Cf. also Mefallbank u.‘Metallurgische Ges., G.P. 344,450 
1922, ie2A. 



fOODS. 


468 

the clear filtrate by crystalltsation. One of the chief difficulties 
in the preparation of lactose from whei|r appiara to lie in the com- 
paratively large quantity of uncrystallisable molasses tproduced. 
Hitherto it has not b*een easy* either to find piofitiible outlets for 
this molasses, or to cjttract from ijjb a further quantitytof lactose. 


Analytical and Miscellaneous. 

The acfcura*te estimation of starch in foodstuffs is a matter of 
some difficulty. Practically all the methods in use depend either 
upon the measurement of the optical rotation, or upon the cupric 
reducing power, of the conversion products obtained the action 
of acids or of diastase upon the starch. Phe difficulty with all 
these methods is that other optically active and, under some con- 
ditions, reducing substances besides starch conversion products 
usually pass into solution, this being specially the case when acids 
are used as converting agents. A. R. Ling®’ has commenced a 
comprehensive investigation on this subject, starting from the 
observations of Brown and Morris that when starch ig hydrolysed 
by malt diast^ise at 55°-60® C. there is a resting 8?age which* when 
the hydrolytic change is followed by the rotatory and reducing 
powers of the products, is found to be in accordance with the 
empirical equation 

1 OCj[2tl2(^10 SHjO — 8C i 2H22^ 1 1 “f* 12^20^^ lO 

• Maltose. Dextrin. 

According to this equation lOO parts of starch should yield 84-4 
parts of maltose. It is found, however, that the actual percentage 
of maltose, as determined by the cupric-reducing power of the mixed 
products, depends on the diastatic power of the malt employed. 
Thus with a malt of 80° Lintner the apparent maltose is 84*4% 
of the starch, while »\ith a malt of diastatic power 40° Lintner it 
LS 82-5%. 

iiing has worked out the relationship between the diastatic power 
of the malt and the percentage of apparent maltose found by cupric 
reduction, and the results show that starch may be estimated by 
this method in barley and wheat with a high degree of accuracy. 
?5ugars, fats, and alcohol-soluble proteins are removed from the 
finejv^ground grain before conversion by extraction with alcohol of 
sp. gr. 0*920, according to O’Sulliyan's original method. 

The detection and determination of added si^phites or sulphur 
dioxidf' in foods is jiljvays I matter of difficulty. On distillation in, 
presence of phosphoric acid volatile sulphur ‘compounds other than 
sulphur dioxide pase over into the distillate, and are oxidised to 

”J. InaU Brewing, 1922, 28 , 838; S., 1923, 48t. 

•• Ch&n, Soc. Tram., 1886, 47 , 627. • 
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sulphuric acid by broiuinc water. Itlis usual to make some allow- 
ances for the sulphuric aci^ thus formed, but the error involved 
may be g^eat, especially in tine case of foodstuffs flavoured with 
onions or contajninp mustard. E. B. Kohman shows that hydro- 
gen sulphidJ is evolved from ^any foodslfuffs on cooking, and 
may be estimated as sulphuric ucid in the (Jistillate by ,^xidation 
with bromine water. A. C. Chapman finds that if tiie distillate 
be collected in hydrogen peroxide instead of bromine water, volatile 
sulphur compounds other than sulphur dioxide are* noU oxidised 
to sulphuric acid, and that provided that tlie quantity of sulphur 
dioxide be not great, a fairly good differentiation may be obtained 
by this method. 

0. Kopke and E. Bodlander give a method for the determination 
of benzoic acid in margarine, in which the sodium bicarbonate 
extract before acidification is treated with ammonium sulphate, 
which precipitates proteins. It is claimed that the ammonium 
sulphate prevents the formation of the troublesome f?jnulsion which 
often occurs on subsequent extraction with ether. 

Two new methods of determining boric acid in foodstuffs are 
worthy, of attentk)n. Thomson's method, with its various modifi- 
cations, is liable to yield low' results'in preseiice of mu?h phosphoric 
acid, owing to the tendency for calciuij^ borate to be precipitated 
if the solution be allowed to become too alkaline. W. M. Deems 
gives a method for determining boric acid in shrimps, which would 
seem to be applicable to other foodstuffs, 'fhe essential feature 
is the removal of phosphoric acid by the addition of fqrric chloride, 
and subsequent neutralisation with calcium carbonate. I. M. 
Kolthoff^® finds that the addition of sodium citrate to solutions 
containing phosphoric and boric acids prevent?’ interference by 
the latter in the titration of the phosphoric acid with sodium 
hydroxide. After n\3utralisation addition of mannitol allows of 
the titration of the boric acid by further* addition of sodium 
hydroxide until neutral to phenolphthalein. 

L. Singh has studied the effect of acidity in promoting the 
“jellying” of fruit juice. The higher the acidity the less the 
quantity of sugar required to cause the juice to set. Thus, an 
increase from 0*05% to 2*06% of organic acids reduces tlic amount 
of sugar required by ovlr 30%. 

According to a patent by F. G. Beylik and N. W. Schwartzlo^e 
a crude mixture of pectous materials is prej)ared' from plants by 

• - - • 

J. Ind. Eng. Cfam., 1922, 14 , 527 ; J.,J922, 780a. 

*« Anulysl, 1922, 47 , 204; J., 1922, 515a. ‘ * 

"2. Vnicra. Nahr. Qenmsm., 1922, 43 , 345 ; J., 1922, C44a, 

Wcekhlad, 1922, 19 , 397, 480 ; J., 1922, ^73a, 1001a. 

Ihid.\ 1922, 19 , 449; J., 1922, 963a. 

^ng. Chem., *922, ' 14 , 7*10 ; J., 1922, 72Ca. 
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dehydrating at a low temperiture, and extracting the greater part 
of the non-pectous materials with alqphol. •The residue consists 
largely of pectin, poetic acid ((516^220 ic) and peofcosic acid 
(C 32 H 4 eOai) togethc!* with celliflar tissue, and wM on Ridded in small 
quantities to fruit juices will prockice a clear j^ly. 1 

C. F. Muttelet^® proposes to delect the presence of apple juice 
in certain nftxed jams by determining the relative propertions of 
malic and citric acids present. The acidity of red and blacK cur- 
rants, raspberfies, and strawberries is duo to the presence of citric 
acid, that of apples, pears, and cherries being due to malic acid. 
This agrees with the results obtained by W. t). Bigelow and P. B. 
Dunbar in 1917,^’ wlio, however, found that currants ancl raspberries 
may contain traces of malic acid, while iji some varieties of pears 
citric acid predominates over malic acid. H. Franzen and F. 
Hclwert^® also find that malic acid is the most important acid in 
ckerries, although small quantities of other acids are present. The 
method of estimation employed by Mutteh't depends upon the 
isolation of barium malate and citrate by precipitation in 80% 
alcohol, dissolving the mixed precipitate in water, and precipitating 
the barium citrate by adding alcohol until the liquid containsP33%. 
Barium malate remains m ‘-olutioii, and is subsequently jirecipitated 
by raising the alcohol content of the liquid to 66%. Apple and 
quince jellies examined by this method yielded 0*172-0*310% of 
malic acid, but the pijpsence of this acid was not detected in currant 
and raspberry jams, » 

In an intcr^ting article on tlie comparative sweetness of cane and 
beet sugars, J. P. Ogilvie points out that refined sugars, from what- 
ever source obtained, *are indistinguishable as regards sweetness 
and suitability for all purposes.®* Tliese refined products contain 
on the average about 99*95% of sucrose. The lower grades, or 
direct-consumption sugars, contain about 99*5% of sucrose and 
their sweetness may be affected by the slight traces of acid or 
alkaline impurities which they contain. There apjiears to be 
reliable evidence that the intensity of sweetness as registered by 
one set of nerves in the palate may be modified when another set 
of nerves, e.g., those registering an acid or an alkaline taste, is at 
the same time excited. Sugar appears to be sweeter when traces of 
fruit acids are present than when, as is the case with beet sugar, 
traci*i of alkalis aje present. 

The use of hypochlorites or of electrcjyscd salt solutions for 
food pre8e|;vation appears t^ be on the increase.* Among several 
recent patents dealing ^ ith tnis subject is one in which it is proposed 

Ann. FahiJ,, 19254, 16, 196 ; J., 1922, 726a. 

®V. Ind. Enq. Ghem., 1917, 9, 762. 

Z. physiol Chem., 1922, 122, 46 ; 1922, 875a. 
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^ , » < 
that ice used for preserving fish should be made from water whidi 
has previously been teeatec^with a hypochlorite.®® 

A new ^preservative for foodstuffs has been found in nitrous 
oxide. This gas When dry exerts *no bactericidal action, but the 
moist gas atlncrea&fed pressure, kills all vegetsTtive forms of bacteria,, 
but not spores or conidia. It* is stated tljat milk tr^ted with 
nitrous oxide at 30 to 35 atmospheres pressure can be preserved 
for a month, even at 18°-37° G. The original properties of the milk 
are fully retained after treatment with nitrous oxide.* Moat can be 
kept for a month after treatment with the gas at 38 atmospheres 
pressure. The extremely high pressures which are necessary 
would seen^ to militate against the commercial development of 
this process. 

In view of recent developments in the use of hydrocyanic acid 
gas for the fumigation of ships, the extent to which the gas is 
absorbed by foodstuffs, grain, etc. may become a question of 
importance. It would be of great advantage if it Were possible to 
fumigate a ship for the destruction of rats and other vermin before 
discharge oj, the^cargo, without damaging or contaminating food- 
stuffs.* According to experiments oarried out in Italy, hydrocyanic 
acid is not absorbed by foodstuffs except in negligible traces, but 
it is usually the practice in this countly to remove them prior to 
fumigation. In Holland fumigation is being carried out by 
“ Cyclon ” (methyl cyanoformate CN.'COOCHt), in place of hydro- 
cyanic acid, and the extent to which tJiis substance is absorbed by 
foodstuffs has been investigated by, J. Di Jansen, W. Schut, and: 
M. Wagenaar.^ They find that meat and water absorbed up to 
700 mg. of HCN per kg., while in dry foods shch as coffee, mustard, 
etc. hydrocyahic acid could not be detected. Ih-esumably the 
absorption by meat was confined to the portions close to the surface. 
It would appear unlikely that hydrocyanic acid in the concentration 
employed (1 part in 500-1000 pts. of air) ‘would be capable of 
contaminating foodstuffs to a dangerous extent. 

A novel application of hydrogenation, and one which illustrafes 
the continued search in Germany for substitutes for all manner of 
foodstuffs, is to be found in a patent for the production from fish 
roes of a substitute for eggs.®® The solution obtained by extracting 
fish roes with a solvent for lecithin, e.g., alcohol or ether, is hydro- 
genated, after removal of a portion of the solvent, «until the product 
bsL8 an odour similar to .that ofH^gg yolk. The remainder of the 
solvent is scparal^jd and the product ^ mixed with onn- 

taining protein, e.g., the extracted fish roe resfdlies. 

W. ,E. Gibbs, E.P. 18.5,986 ; J., 1922, 873a. ^ 

“H.'Bart, Arch. Hyg., 1922, 91 , 1 ; J., 1922, 725a. 

^CUm. WMlad, 1922, 19 , 37t; 1922, 873 a. 

« G.P. 342,308 ; J., 1922, 1154. 
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G. Bertrand and M. Mokrajnatz^* find tnat nickel is present in 
practically all vegetable foodstuffs, wfcile cdbalt is absent only 
from carrots and oats. The quantity of nickel varied from 0*01 mg. 
to 2 mg. per kg. of thfe fresh subsCance, and of cob.^lt f^om 0*005 mg. 

to 0*3 mg. , .... 

The significance of traces of mjfnganesc in marine organisms, 
referred to ii» last yearns Annual Report, is dealt with by C Berke- 
ley.®® He considers that in marine worms there is no evidence 
that the preseitce of manganese is associated with any physiological 
function such as respiration. 

Comptes rend.t 1922, 175, 458 ; J., 1922, 87.'?/ 

6*^ Biochem, J., 1022, 16. 70. 




SANITATION AND WATER PURIFICATION. 

By H. T. Calvert, D.Sc., Pir.D., F.I.C., 

Chemical hispccior, Ministry of Health, London, 

During the year under review several economic factors have 
operated in such a way as to result in considerable activity in the 
construction of sewage disposal works and works of wate supply. 
The problem of* unemployment h|is been and still i^ very serious, 
and Local Authorities have been urged by the Government to 
formulate schemes for its relief. ' Htalb financial assistance, either 
in the form of a grant towards the labour charges or in the form 
of a payment of a proportion of the total aniyial charges in respect 
of such schemes, has been available for work which has been 
undertaken at an earlier date thar^ it otherwise wotild have been 
had it not been for the acute unemployment prevailing. In 
addition, the very limited expenditure iilcurred on schemes of 
sewage disposal and water supply during the past few years has 
resulted in the necessity for making up considerable lee-way in 
order to maintain works in a moderate state of efficiency. The 
drought of 1921 also taught its lesson to some extent, and many 
Local Authorities and Water Companies have, as a result, carried 
out extensions to their waterworks in order to be forearmed against 
a recurrence of the drought. The lesson of the 1921 drought has 
perhaps not been fully appreciated because the year 1922 has been 
one of trade depression ; had it been a year of trade boom manu- 
facturers would have required much larger volumes of water for 
trade purposes, and several authorities would, have been Jiard 
pressed to meet tht^se requirements. ^ 

The scientific f^work which has been accomplished , during the^ 
year may. perhaps be better charactirised tai. isolated 'patches pfj; 
research work than as a united attack on the problems wliich presei^ 
themselves, and in view of the enormous expenditure which' 
country incurs every*year in p^-oviding a water supply and in , 
posing of the resulting sewa^, the time cannot be long 
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when either some Pasteur witl arise or some^Central Government 
Department be established as a resul^i df whose scientific investiga- 
tions^ not only wilj tjiis enormous expenditure be redhced, but 
there will accrue con iderable benefit to the p^lic? health of the 
country. ♦ * 

As an indication of 4he magnitude of this expenditure it may be 
stated that at the end of the financial year 1919-1920, the latest 
year for which returns ^ are available, the outstanding debt of 
Local Authorities in England and Wales in respect of works of 
sewerage and sewage disposal was £39,000,000, and that in the 
same year an expenditure of £7,000,000 was incurrcfl on these 
works in meeting loan charges and maintenance costs.* (bving.to 
economic conditions the present-day figures are no doubt somewhat 
larger. 


Sanitation. 

Under this heading it is pro})osed to refer to the treatment of 
s(*wage and liquid trade refuse, the prevention of rivei pollution, 
and the disposal of towns’ solid refuse. * * • 


Setoage. 

During the past f^w years the activated sludge or bio-aeration 
process of sewage treatment, has received an increasing amount of 
attention, aM Local Authorities have felt compelled to examine 
the possibilities of this process, and of its applicability to their local 
conditions, before eml^rking on expenditure for the construction 
f)f new sewage disposal works, or even for the extension of existing 
works. This has led to a wider application of the process, and 
several towns in Great Britain are at the present time constructing 
works on these hues. In America, more especially in the case of 
the communities on the shores of the Great Lakes, large schemes 
of l^3wage disposal arc in hand, and it is noteworthy that in many 
of these cases the activated sludge process has been adopted. It 
should bo pointed out, however, that in these cases it has been a 
question of entirely new works and not, as is now often the case in 
Great Britain, a question of extending existing works. Hitherto, 
thesft American communities have discharged their crude s^age 
into and derived their water supplies from the Great Lakes, an(J 
have relied upon dilution as a first stage in* the pufification. There 
have bt.en*indicatioiis#that tn view of increasing populations such 
dilution can no longer be relied upon, and tliere are at present in 
these American communities two schools, the one advocating 

^ Mun. Eng. and San. Rec., March 2,* 1922, 203, 204. 

* Ministry of Health, Annual Report, *921-1922. 
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purification of the sewage before discharge, and the othe? 
advocating a, stren^thenirg up of the water treatment works. 
There earn be no doubt that ultimately both schools will have 
their way. c ^ * 

Dilution as a method of sewUge disposal* was advocated by the 
Royal Commission on Sewage Disposal, d898, in their Eighth 
Report 3 in 1914, but since that date an insufficiciit amount of 
attention has been paid to the subject. G. B. Kersljaw,* in a paper 
read before the Institution of Sanitary Engineers, dealt with the 
matter, and F. W. ^ Wells® has recently attempted to define the 
dilution necessary to attain the standard of a drinking water. He 
regards as, the unit concentration of extreme contamination the 
daily wastes of one person in one gallon ; one hundred times this 
dilution yields average American sewage, and one million times an 
average drinking water, whilst one hundred million times would 
yield a water which would pass the most stringent tests which 
could be applied to a water supply. Like the Rbyal Commission 
on Rivers Pollution Prevention of 1 808, Wells fails to allow for the 
variations jin the biological activity of the diluting water, but as a 
scientific study breaking new ground the work is very useful. From 
practical experience R. Bering® came to the conclusion that a 
dilution of 2 J to 5 cubic feet per sec^d was necessary to prevent 
a nuisance in dealing with the sewage of a population 
of 1000. - I 


Perhaps the most striking application of the dilution method is 
the pumping of water from Lake Michigan to dilute' the sewage of 
one district of Chicago before its discharge into the Mississippi 
valley. This action enabled the City of Chicago to avoid to some 
extent the discharge of its sewage in close proximity to its watet, 
. intake, but the limitation placed by the TJ.S. War Department, 
t acting in the interests of the navigation of tbe Great Lakes, and by 
the Courts, on the amount of water which maybe thus diverted froi?i 
its natural course, has made it necessary to take further step|4oi^ 
the purification of the sewage of the Northern District of Chicago. 
A further application of the principle involved in purificifition by 
dilution is to be found in the arrangements’ which have been made 
between the officials of the States of New Jersey and Pennsylvania^, 
whereby the standards to be attained by the effluents from sewage 
works on the Delaware River will be varied in the different rdkeb^ 
^f the river according to the Volume of diluting water availabS^* 
Dilution is, of cfmrse, only one of thf manv factors wldch 


® Eighth Reportf 1912. Gd. 6464. H.M. Stationery Office. 

* Surveyor, May 6, 1922, 367. « 

® Mun. Eng. cmd San. Rec., Oct. 19, 1922, 438. 

• Proc. Amer. Soc. div. Eng., 1922, 48 , 113. 
f JSfin. Npjuia Ppr... Aiicr. 10. Iflfe2. 217. 243. 
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‘ • ' 1 
be taken into consideratioi^ In fixing a standard with which any 
sewage works effluent should comply^ 

With regard to the» treatment or sewage on land, >^here this 
has been combined v/ith farming operations, the <vesults from a 
financial point of view^ave been generally unsatisfactory during the 
year, and •there has heen a tendency to realise that the cropping 
or over-crop‘^ing of the land results in large areas being uiiusable 
at certain periods for the purification of sewage, so that the purifica- 
tion suffers, ^'he cultivation of willows® on sewage farms has been 
urged as a rural industry, and the Ministry of Agriculture and 
Fisheries have issued a second edition of their pamphlet on the 
cultivation of osiers and willows.® * ^ 

K. Imhoff^® has projjosed the use of shallo»'' under-drained 
settling basins of a depth of 4 to 12 inches for the removal and 
subsequent drainage of the suspended matters in sewage. The 
uiider-drains are closed, and the sewage is allowed to enter the first 
of a series of such basins. When this is full of sludge, the inflow 
is stopped and the sewage is diverted into a second basin. The 
under-drains of the first basin are then opened, andjthe si^dge drains 
to a sufficient# extent to become spadeable. The process has been 
adopted in Germany at soiixO sewage works, and also for the settle- 
ment of coal washing waters. It must be regarded as an economical 
measure to combine* the advantages of well-constructed sedi- 
mentation tanks and* sludge-drying beds. 

The Prussi|m Minister of* Public Welfare issued a decree “ on 
Juno 30th, 1922, indicating to Local Authorities the principles 
which should underliq the disposal of seAvage of new housing 
sites. 

With regard to the treatment of sewage on artificial biological 
filters the question of the most suitable depth of the filters, which 
was inadequately considered by the Royal Commission on Sewage 
Disposal, has been reopened during the year and the results of 
experiments on the subject are expected shortly. The cultivation 
of Achorutes viaticus has been taken up at Glasgow by F. W. 
Harris'* as a means of keeping the sewage filters clean and pre- 
venting them from becoming sludged up and impervious. 

During the past few years a good deal of attention has been 
devoted in America to the electrolytic'® or “direct oxidation’* 
process for the treatment of sewage. From time to time^since 

• ^ • 

* Hun,. Eng. mid San. i2ec., Nov. 2, 1922, 499; Nov. 16, 1922, 663 ; 
Nov. 30, ife, 614 ; D^cs* 7, 1922, 641. 

MiaceUaneoua Piiblications No. 18. H.M. Stationery Office. 
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^ ' * 
purification of the sewage before discharge, and the othc] 

advocating a, stren|thenirg^ up of the water treatment works 
There can be no doubt that ultimately both schools will hav< 
their way. i « ^ 

Dilution as a method of sewUge disposal* was advocated by thi 
Royal Commission on Sewage Disposal, #1898, in their Eightl 
Report “ in 1914, but since that date an insufficient amount o 
attention has been paid to the subject. G. B. Kersljaw,^ in a pape; 
read before the Institution of Sanitary Engineers, dealt with th< 
matter, and F. W. Wells‘S has recently attem];)ted to define thi 
dilution necessary to attain the standard of a drinking water. Hi 
regards as» the unit concentration of extreme contamination thi 
daily wastes of one person in one gallon ; one hundred times thii 
dilution yields average American sewage, and one million times ai 
average drinking water, whilst one hundred million times wouk 
yield a water which would pass the most stringent tests whicl 
could be applied to a water supply. Like the Rbyal Commissioi 
on Rivers Pollution Prevention of 1868, Wells fails to allow for thi 
variations jin the biological activity of the diluting water, but as t 
scientific study oreaking nt^w ground the work is very useful. Fron 
practical experience R. Hering® came to the conclusion that j 
dilution of 2 1 to 5 cubic feet per sec Aid was necessary to proven 
a nuisance in dealing with the sewage of a populatioi 
of 1000. - € 

Perhaps the most striking application of the dilution method ii 
the pumping of water from Lake Michigan to dilute' the sewage o 
one district of Chicago before its discharge into the Mississipp 
valley. This action enabled the City of Chicago to avoid to somi 
extent the discharge of its sewage in close proximity to its wate: 
intake, but the limitation placed by the U.S. War Department 
acting in the interests of the navigation of the Great Lakes, and b] 
the Courts, on the amount of water which maybe thus diverted fron 
its natural course, has made it necessary to take further step| fo: 
the purification of the sewage of the Northern District of Chicago 
A further application of the principle involved in purififjp/tion b] 
dilution is to be found in the arrangements’ which have been mad' 
between the officials of the States of New Jersey and Pennsylvania 
whereby the standards to be attained by the effluents from sewag 
works on the Delaware River will be varied in the different rdkohjp 
erf the river according to the Volume of diluting water available 
Dilution is, of course, only one of thj man^ ^factors w|;doh shordi 
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be taken into oonsideratioi\ In fixing a standard with which any 
sewage works effluent should comply^, • ^ 

With regard to thei, treatment or sewage on land, "^here this 
has been combined v/ith farming operations, the •results from a 
financial point of vieAv%ave been generally unsatisfactory during the 
year, and*there has lieen a tendency to realise that the cropping 
or over-crop*^ing of the land results in large areas being unusable 
at certain periods for the purification of sewage, so that the purifica- 
tion suffers, ^''hc cultivation of willows’* on sewage farms has been 
urged as a rural industry, and the Ministry of Agriculture and 
Fisheries have issued a second edition of their pamphlet on the 
cultivation of osiers and willows.® * , 

K. Imhoff^® has proposed the use of shallo\’/ under-drained 
settling basins of a depth of 4 to 12 inches for the removal and 
subsequent drainage of the suspended matters in sewage. The 
uhder-drains are closed, and the sewage is allowed to enter the first 
of a series of such basins. When this is full of sludge, the inflow 
is stopped and the sewage is diverted into a second basin. The 
under-drains of the first basin are then opened, and^he sjudge drains 
to a sufficient# extent to become spadeal)le. The x)roce8s has been 
adopted in Germany at soiuo sewage works, and also for the settle- 
ment of coal washing waters, it must be regarded as an economical 
measure to combine* the advantages of well -constructed sedi- 
mentation tanks and* sludge-drying beds. 

The Prusai|in Minister of* Public Welfare issued a decree “ on 
June 30th, 1922, indicating to Local Authorities the principles 
which should underliq the disposal of scAvage of new housing 
sites. 

With regard to the treatment of sewage on artificial biological 
filters the question of the most suitable depth of the filters, which 
was inadequately considered by the Royal Commission on Sewage 
Disposal, has been reopened during the year and the results of 
experiments on the subject are expected shortly. The cultivation 
of Achorutes viaticus has been taken up at Glasgow by F. W. 
Harris^* as a means of keeping the sewage filters clean and pre- 
venting them from becoming sludged up and impervious. 

During the past few years a good deal of attention has been 
devott^ in America to the electrolytic or “direct oxidation’’ 
process for the treatment of sewage. From time to time •since 

• ^ • 
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Kirkham in 1870 suggested electroljJisis as a method of oxidising 
sewage, there have blien p^iods of activity due to some improve- 
ment in the electrolytic plaiit. This latest period of activity h 
due to the intyoduotion of the LanVlreth process, in which lime is 
added to tke sewage, presuma^^ly to incrfase the electric con- 
ductivity, and revolving paddlus between tjie electrodes serve tc 
remove the gases which cause polarisation. K. S. 'Lamphear^^ 
has reported upon the process as in operation at Easton, Pa., and 
concludes that the use of the lime without electrdysis- produces 
an equally good result, esj>ecially as the amount of lime used ai 
Easton was considered excessive. The subject was discussed bj 
eminent sanitarians at the Cleveland Conventions^ of the America! 
Society for 'Municipal Improvements, and the Sanitary Engineering 
Section of the American l^ublic Health Association has appointed 
a Committee^® to report upon the proct‘ss. 

A considerable amount of progress in the application of th( 
activated sludge process during the year is to be reported and 
several new plants are being constructed, but these are for th( 
most part on exactly the same lines as already existing 
plants. * * 

The experiments of J. I), "^^^tson at Birmingham, to whicl 
reference has been made in previou^reports, have demonstrated 
that by a short period of contact between the^ sewage and activated 
sludge it is possible to deprive the sewage of its malodorous coU' 
stituents and at the same time to epect a considerable amouni 
of purification. The sewage thus partially purified c»n be sprayed 
over percolating filters without giving rise to ^misance fr(.)m smell 
and the rate of filtration can be largely increased. A large unil 
plant to put these principles into practice is being constructed ai 
the works of the Birmingham Tame and Kea District Drainage 
Board. The process has been termed “ bio-flocculation,” and 
presents some analogy with the older chemical precipitation pro 
cesses, in some of which the precipitant was capable of regenera 
tion and re-use. If we regard the activated sludge as a biologica 
precipitant, probably the living portion of it plays a double 
function, firstly in acting like any other non-living materia 
possessed of large surface area as an adsorbent for the organic 
matter in the sewage, and secondly in being able with the aid oi 
oxygen to regenerate the precipitant or reactivate the sli^jige 
The felative tnagnitude and importance of these'* two functions ii 
as yet undetermijied. If it should be found that the latter funOi 
bion is of the lesser magnitude the adidsabijity of mantifacturiui 
activated sludges with inorganic substances as mentioned 
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J. H. Garner ” would be indjclited. Such a procedure, by suitable 
selection of the substrate, might be made to alt§r entirely the 
character of the activated sludge and nright render it Amenable 
to the ordinary methods of slddge dewatering. ^ Bearing in mind 
the use of brown coel or lignite* ip the Rotne-Roclftner sewage 
precipitation process, J.t might be*found that peat or coal dust 
would form % suitable substrate for the activated sludge, r^nd in 
such a case the dried sludge with its high nitrogen content could 
be briquetted,-^ or gasified in producer plant with the production 
of ammonium sulphate. This would offer an alternative to the 
production of fertiliser as a commercial outlet* for activated sludge, 
and would afford a means of recovering the nitrogen iq sewage ^n 
the form of ammonium sulphate. The surface area of such 
artificial sludges could be increased by the use ot the Plauson 
colloid mill with a possible increase in activity, and the same 
mjll could be used for experiments on the ])ossibility of extracting 
enzymes from ordinary activated sludges to see whether these 
would have a coagulating action on the colloidal matters in 
sewage. » * . 

The new tool of research which has been provided by the newer 
knowledge of \he colloidal state of matter collected during the 
past decade has not yet been intensively applied to the problems 
of sewage disposal, though there are indications that a re-study 
of the older chemical precipitation processes in the light of this 
knowledge would yield valuable results. The Fourth Report^® on 
Colloid Chemistry prepared by p Committee of the British Associa- 
tion for the Advancement of Science, and books on “ The Chemistry 
of Colloids and some Technical Applications,” by W. W. Taylor 
and on “ Applied Colloid Chemistry,” by W. B. Bancroft, serve 
to indicate the problems and to stimulate to definite lines of 
research. A paper by N. M. Comber on the characterisation of 
clay must also be included in this category. 

As already stated, most of the new constructional work under- 
takAi during the year in connexion with the activated sludge 
process has been on the lines of the works which have now been 
in operation for several years at Manchester and Sheffield, but 
the experiments which have been carried out by J. Bolton^® at 
Bury dur ing the past few years have resulted in the development 
of amajiparatus wjiich is being installed at several works by#the 
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Ames-Crosta Engineering Company, t In this apparatus the aera 
tion of the mixture V)f se\^gc and activated sludge is depcndeni 
entirely iftpon surface acratihn. The sludge as it settles to th( 
bottom of thc^ tank is continuously drawn \ip a central tube anc 
spread oven the sArface of the .liquid in tly? tank in the form oi 
a film or spray and the incoming sewage mixes with it at this 
point. Another form of construction for carrying eut the acti- 
vated sludge process has becni described-^ during the year. It h 
termed the “ Low-Power ’’ system ; the mixing of the spwage and 
activated sludgt‘ in a continuous channel is eff(‘cted by means oi 
spiral devices placed in the channel, and the return sludge if 
raised by means of a scoop wheel ; aeration is ejected at tl« 
surface of {he liquid by exposure to the atmosphere. The method 
does not aj)pear to have been adopted or even tric'd on an experi- 
mental scale. 

The activated sludge process has now been adopted by a large 
number of local authorhies, and the three largest plants which 
are under construction at the prc'sent time are those at Reading, 
Sheffield, and Stoclq>ort. The first is on the “ air-blowing ’ 
system anh th5 other two arc on the “ mechanical agitation ” 
system as worked out by J. Haworth at Shefficldl The experi- 
mental plant at IShefliekl has dealt successfully during the year 
with the whole of the flow of sewage froin tlu' Tinslc^y district 
up to four or five times the dry wc'ather flow of 1150 ,()()() gallons 
per day, but it must be said that the plant * s undoubtedly larger 
than would be designed for such a flow of sewage. ,The activated 
sludge plant of the Manchester CVlrporation at their Withington 
works has continued to yield excellent results and this Corporation 
have decided to construct at these works a -further unit on the 
lines of the existing large unit at their Bavyhulme works. The 
Annual Report of the Rivers Department of the Manchester Cor- 
poration for the year ending March 29, 1922, was issued towarde 
the end of the year under review. It contains, as usual, a very 
valuable record of the operations of the Department which is 
responsible for, amongst other duties, the treatment of the Man- 
chester sewage. The activated sludge unit at the Withington 
works has dt^alt with an average daily volume of sewage ol 
280,000 gallons after a very short preliminary settlement in 
detritus tanks. The aeration and settlement tanks have cap^ities 
of §5,000 and 27,000 gallons respectively. Unfortunately the 
Report does no^- give 'the variations of the flow of sewage, so 
that it is somewhat difficult to estimate jthe capacity of the 
works for dealing wfth tliree times the dry weathei* flow. The 
total volume of air used for aeration purposqs has been equivfifcl^i^ 
to 1*35 cub. ft. of free air pei; gallon of sewage treated, and^rpua 

. ^ M Surveyor, Nov. 10, 1922, 29i ; J., 1922, 651a. 
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the average analytical resiirts published in^the report it can be 
said that the effluents have been of^a»very satisfaptory character. 
The diffusers, which (jave been in use for over five yeai%, continue 
to give satisfaction and only indicate a slight Increase in friction. 
The large-scale con'dnuous-flow* aptivated sfudgo J)lant at the 
Davyhuliwe works hi^s dealt with llows of sewage at rates varying 
from 240, 0(K) to 2,000,000 gals, per 24 hours, the largest volume 
treated in any one day being 1,657,000 gals, and the average 
volume *663, boo gals., with an average air consumption of 
1*55 cub. ft. per gallon of sewage treated. With the Davyhulme 
sewage, containing much trade waste and liable to contain 
abnormal amounts of oil, the results of the 't real mejit have .not 
been as satisfactory as at Withirigton, but the ])urification 
effected has amounted to 76-81% on the detritus-tree sewage 
as supplied to the plant and to 80-S4*J'J) on the crude 
sewage. 

E. Bartow and G. C. Baker have given a short review of the 
progress madci with the activated sludge x)rocess, and E. ArdenV'*® 
has described the plants which have beeai construf^ted ip the United 
States of Amprica and Canada, after visiting several of tluun in the 
autumn of 1921. In an ?.rtu;le on the chemistry of sanitation, 
A . M. Buswell refers to the puriiication of sewage. M. F. Dienert ““ 
has contributed a very able resume to the literature of the activated 
sludge process. • 

The cost of installing thetictivated sludge process wdll, of course, 
vary from jilace to place, according to lo(;al circumstances, but 
information is being gradually accumulated from which it should 
b(^ pussible to give average figures at a later date. Referring to 
conditions at Sheffield, J. Haworth-* has stated that on any other 
lines than activated sludge a scheme for dealing as effectively 
with the sewage of Sheffield would cost twice as much and occupy 
six times the area. The only other estimate which has been pub* 
lished is that of H. P. Eddy, G. W. Fuller, and T. C. Hatton, in 
which the first cost of an activated sludge plant for dealing with 
the sewage of the North Bide Ai-ea of the Banitary District of 
Chicago, was compared with the fii'st cost of Imhoff tanks, sprinkling 
filters, and humus tanks. The estimates assume a population of 
fi00,000 in 1920, and 800,000 in 1930, and an av(*rage daily sewage 

rio\f at that date of 175,000,000 gals., with a maximum fk)W of 
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263,000,000 gals. Very full details a#3^ included, and the following 
table shows so^e of‘these« 


COMPARATIvIl EsTIAiATES OF COSJ OF NoRTII-SlDE SeWAGE WoRKS 
(Chicago Sanitary District). 

{Based on 175,000,000 yah, average and 263,000,000 gals, tnfiximum daily 
sewage Jlow, or 220 and 230 gals, per head of jiop^ation per day*) 


J. 


Scheme. 

yjapitul 
, Co.st 
(£). 

Annual Cost (£). 

Capital 

Charges. 

Renewals 

and 

Repairs. 

Power, 

Labour, 

and 

Supplies. 

Total. 

Imlioff tallies, etc. . . 

3,286,700 

221,004 

30,50() 

102,088 

353,688 

Per million ^^als. . . 

J 8,780 

3-40 

0-48 

l-OO 

557 

Activated siudg<% 






with dewatering 






and drying 

2,000,543 

106,743 i 

5.3,291 

180,255 

439,289 

Per AiilUoii’gals. ! . 

16,574 

3*08 

0*83 

2*06 

6*87 

Activated sludge. 




t 


with higooning . . 

2,640,664 

179,116^ 

41,000 

126,132 

346,338 

Por million gals. . . 

J 5,089 

/•SO ^ 

i 

0'64 

1-08 

5-42 


In Great Britain the capital cost of the plant has varied from 
£20,000 to £30,000 per million gals., but these plan^/S have been 
much smaller than the Chicago plant, for which detailed plans and 
specifications are now being prepared. Thc^working cost of plants 
capable of dealing with 1, 2 and 5 million gals, daily dry weather 
flow of sewage, and up to three times these amounts in wet weather, 
WAS given by J. Haworth as £4-22, £3*54, and £3*02, respectively, 
per million gals, of dry weather flow. These are lower than the 
American figures, and would be still lower if they were based upon 
the actual average flow instead of upon the dry weather flow, |jut 
they do not include any allowance for loan charges, and are strictly 
maintenance costs. 

The published information on the cost of the activated sludge 
process is altogether too meagre to permit of any more definite 
general conclusions than those given above, and they must be 
regarded more as indications of the order of mfignitude than as 
definite estimates. The* power* consumption per million g^. 
has been yariouslj' estimated from 15 40 h.p., but a strict com- * 

parison of the pow'er consumption of the various methods of apply^n^ 
^he *activated sludge process is still wanting. Again, it is doub|^|^‘ 
j^hethcr a strict comparison can be based upon the volume of 

tySurveyot't Sopt. 29. 1922. 198 a 
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treated^ lor tne strength of Mie sewage, depending upon the water 
consumption per head of tte populatjpn, aiM upon other factors, 
should undoubtedly bo taken into account, but it is hot out of place 
to enter a very strdhg*plea for^ more accurate analysis than it has 
been customary to pjake in the*past of the l?ost oi the various 
separate processes wh^ch form part^of the whole sewage purification 
process. » 

The utilisation of sewage sludge as a fertiliser or fertiliseA* base 
has not expaiided as much as might have been expected, having 
regard to the substitution of mechanical transport for horse haulage, 
and the consequent diminution in suppliers of* stable manure. This 
is to be attributed to two causes ; firstly, to an agricultural depres- 
sion during the year, and, secondly, to the fact that th(i railway 
companies charge higher rates for the carriage of this low-grade 
fertiliser than for stable manure. Consequently, there has been a 
tendency to utilise the material only locally where farmers have 
been in a position to fetch the sludge from the sewage works or the 
lo(!al authority has boon able to organise mechanical transport for 
the purpose. In the neighbouiliood of the large towns it has not, 
therefore, been possible to dispose of the whole of th(?sludge produced, 
and in the a^icultural districts not nearly as much has been used 
as would have been had it been available at a price commensurate 
with its manurial valpe. 

The dewatering of activated sliidg(' to such an extent as to 
render further drying by Jmat practicable is still an unsolved 
problem, whith is standing in the way of an increased development 
of the activated sludge process.* Tlie experiments to which reference 
was made in previous Reports are being continued. As already 
stated, the experiments have been directed towards altering the 
character of the sludge after production in order to render it amen- 
able to the ordinary processes of dewatering, and not towards 
altering the pro* . ss itself wdth a view to producing in the first 
instance a sludge which can be readily dew^atered. At Manchester 
ths addition of light mineral matter such as flue dust to the sludge 
assists pressing and with the Withington sludge, which is very rich 
in organic matter, this does not materially impair the availability 
of the plant food constituents, but the amount of flue dust necessary 
tf' enal)Ie a suitable cake to be produced is so large as to depreciate 
seriqusly the value of the cake. Further work is in hand with 
various other waSte mineral matters, and no doubt organic ^ast© 
liiatorials will also be tried. Experiments on the use of a paper- 
making machine wi'Jh^acidiied sludges have led lo the conclusion 
that-in vie^il^ of the high renewal costs a revolving drum would offer 
advantage, and the dotation of the sludge by impregnation with 
gases has not led to a practical resullj. Without the use of a vacuum 

Annual Beport^ Rivera Department^ <922. 
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it has been found possible to reduce tjie water consent from 98 to 
94%, the volume of t^ie slujlge being thus reduced by two-thirds, 
by the use pf a rotating wire-mCsh cone fefl internally or by revolving 
a gauze cylinder in«, the sludge itselh From 'thu experience so far 
gained at M^uehestVT it would appear questionable whether it is 
practicable to reduce the waten content of the sludge below this 
point, having regard to the possibility of drying suchca sludge at 
low temperatures. 

At Houston, T(‘xas, a large plant has been eit^cted by the 
Maclachlan ll(M]uction Process Co., Inc., for the treatment of 
activated sludge with sulphur dioxide gas as a preliminary to 
pressing. 

The fertilfsing value of activat(‘d sludge has been investigated by 
H. i). BrowiP'* and the results obtained have been fully reported 
in the Annual Kt‘port for 1920 of the Ontario State Board of Health. 
The experiments support the conclusions previously arrived at by 
other investigators. 

With regard to the scientific work carri(‘d out on the activated 
sludge process during the year, in addition to that carried out at 
Mancl^pster *by K. Ardern and his colleagues, mention should be 
made of the work of PI. H. Rkihards and C. C. Sawyer*"^ at Rotham- 
sted. These investigators have candied ^ut a careful piece of research 
directed to a solution of the questions arising with regard to the 
recovery of nitrogen in the process. They conclude that the 
ammoniacal nitrogen in the sewage is absdrbed, and in being 
transformed into th(' body material of the higher orgapisms such as 
protozoa, is more readily available as* a ])lant food than the organic 
nitrogen of ])rot(‘ins. ^Ihey attribute the high nitrogen content of 
the sludg(5 to tlie presence of large numbers of p”otozoa. 

Ill a paper on the relation between chemical constitution and 
antiseptic action in the coal-tar dyestuffs, T. H. Fairbrother and 
A. Kenshaw^® suggested that as a result of ih?ir discovery of the 
selective l)actericidal action of the oxazine group of dyestuffs it 
might be possible to use these dyes for killing jirotozoa in activated 
sludge, as these protozoa might be inimical to the process by 
feeding on useful bacteria. Some laboratory work on the subject 
has been carried out and a few preliminary experiments on a large 
scale, but it is not yet by any means certain that thejprqtozoa are as 
inimical as would appear in the suggestion. It is possible, how- 
ever, •chat an abnormal growth of these organisifis is the cause of 
activated sludge at times assuming a very large bulk, and in such 
cases the additicSii of dyestuff might ^be o^ ^assistance* in over- 
coming the difficulty encountered in settling a “ bulked ” sludge. 

' , St^veyor, Sept. 29, 1922, 189 ; Eng. News Rcc.^ July 27, 1922, 13^' r ^ 
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The cost of such a treatment would appear, however, to be 
prohibitive with the dyesluffs whiclj havtf, so iar, been found 
suitable. 

Experiments in "[France on* the applicability ol the activated 
sludge process to the^*Paris sewagp have been parried Jiut by M. F. 
Dienert,®’»and L. has investigated the bacterial purification 

effected by»the process when applied to strong sewage obtained 
from a system of sewers from which surface water was excluded. 

W. E. Adei’fey'*® (jointly with A. G. G. Leonard and A. Richardson) 
has made a further contribution to our knowledge of the rate of 
solution of gases by water and by solutions Kif soclium cldoride, in 
Avkich he shows that the “ streaming ” effect Js more rapid in salt 
A\'ater than in fresh water, and that the effect reaches “to depths of 
at least ten feet. This “ streaming ” effect has bc('n described in 
former papers, and refers to the downward strf'aming of the surface 
layers of quies(;ent liquids exposed to a gas. 

Attention may be directed to the Christie Patent Vibratory 
Process/® and the ])ossibility of a})])lying it for the purpose of 
rendering specially den.si* sewage sludges pumpable, ^liough such 
sludges when impr(‘gnal(‘d with air or other gasen, cait be qjadc to 
assume a vefy liquid form The ])rocess is applied to caustic soda 
shidg(^ after drying in v.acuum filters down to a water content of 
45-r,()%. 

Th(‘ question of sewage di.sposal in the tropics is receiving in- 
creasing attention, and has been the subjed- of a papej by W. W. 
Clemesha,'’^ before the Royal Sanitary Institute Congress during the 
year. M. Khalil has shovn^that in the West Indies siptic tanks 
ha\(‘ no destructiv^e motion on the eggs of parasitic worms. His 
results have been published in the Collected Pa})ers of the London 
School of Tropical Medicine (Department of Helminthology), 
No. 16, p. 1. 


Liquid Trade Refuse, 

* During the year under review there has been a trade depression 
which has to some extent lessened the production of liquid trade 
refuse, with the r(\sult that progress in the construction of works 
for its treatment has not been very marked. 

ITe most serious class of refuse is that produced at creameries, 
daLies, and chqpse factories. The tendency of the last few years 
has been for farmers to send thei» milk to depots where it is pasteur- 
ised before being dispatched to the consumir^ centres, and the 
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excess milk is made into cheese. As(,a result waste liquids which 
were formerly produajd in small volurhes at separate farms, have 
been concentrated at central depots, and the problem of their 
disposal has become an acute oneifor the ‘dairy industry. The 
waste liquid^ ihclucje whey from the manufacture of cheese, and 
the washings of churns and utensils used in the various processes, 
together with floor washings and occasionally* a churn cf sour milk . 
It is estimated that at these depots the wastage of milk amounts to 
0*5% of the volume received, and as some of these factories receive 
as much as 8000 or 10,000 gals, per day the volume of milk which 
finds its way into the liquid wastes may reach 40 or 50 gals, per day. 
This is diluted with fill the washings, but as its oxygen -consuming 
power is fran 100 to 200 times that of ordinary domestic sewage 
its treatment involves the construction of works of such a size as 
would deal witli 6000 to 8000 gals, of sewage per day. The stream 
pollution caused by milk depots has been very marked in Somerset- 
shire, and W. G. Savage and D. R. Wood'*-^ have contributed to 
our knowledge of the problem and suggested a solution. 

It is recognised that the whey is of some value on account of its 
feeding, propsrticj,, and its utilisation either for pig-feeding or for 
the manufacture of whey solids or lactose has been ddvocated by 
the Ministry of Agriculture and Fislj^ries. The factory^® which 
is now being operated near Crewe for the purppsc of demonstrating 
the possibility of recovering lactose from the whey deals with 
batches of 1000 gals., and not more than 2000 gals, has been dealt 
with on any one day, although the factory has af‘capacity of 
3000 gals, per day. Fat and butter dre first recovered in a centri- 
fugal machine, and the whey is then heated io 200° F. to separate 
[actalbumin, which is removed by pressing. The press liquor is 
aeutralised, when further quantities of lactalbumin separate and 
bhese are removed by a second pressing. The liquor is then con- 
3entrated and allowed to crystallise, yielding • crude lactose. The 
•efining of this material will also be undertaken. Up to the present 
10 financial results of the operation of the factory have beai 
lublished. 

Experiments have also been undertaken in this direction by 
W. J). Whetham*^ at Whitfield, Dorset, at the instance of the 
Eloyal Agricultural Society. It is suggested that at small depots 
;he whey should be concentrated to about one-tenth of its ori^al 
rolume** and then transported to a ^ctory for the recovery of lactose 
tncl lactalbumin. 

« J. State Med., July, 1^22 ; Laneet, Oct. 7, 1922, 772. 
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** Chem. Age, Mar. 25, 1922, 370 ; Nature, Mar. 23,* 1922, 383 ; J., m2, 
19r. / 

Estates Gazette, Nov. 18, 1922, J03. 
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An account of the experimtnt on the disposal of creamery refuse 
carried out by A. Poole Wilson*® for th| Depaf tment of Agriculture 
and Technical Instruction for Ireland* to which reference was made 
in last year’s RepoA, lias beeif published. Thc^ cre^ipjery sewage, 
whether containing wl^ey or not, was shown to #)e amenable to the 
activated kludge process of purification, and the results were so 
promising that other experimental plants have been ero^^ted, and 
the process has been brought into operation at one large factory at 
least. • ' 

The application of centrifugal machines for the ren'.oval of solid 
matters from trade refuse has not made muih progress, although 
several experimental plants have been erected. * ^ 

With regard to the investigations on the treatment (5 industrial 
wastes undertaken by the U.8. Public Health Ser\ iec, a report*’ 
on the treatment of tomato canning wastes has been published. 

.Reference has been made in previous reports tc) the possibility 
of difficulties arising in the treatment of the refuse from beet sugar 
manufacture and from flax retting, both of which industries are 
being re-established in England. The beet sugar factoiy and the 
processes of manufacture at the factory of Homb Grftwn ^ugar, 
Ltd., at Kelhibm, Notts, have been described,*® but apparently 
no serious difliculty has yet aris(‘n. with rc'gard to the treatment of 
the effluent. A. J. Gauge*® has described some investigations 
on the disposal and purification of flax retting effluents, and in his 
paper are included some analyses of ret waters as well as an account 
of t'xperimentf on the chemical j^recipitation and biological filtration 
of these waters. 

During the year trouble has been experienced at several gasworks 
with regard to the disposal of sul])hate of ammonia refuse. This 
has been due to the proposed erection c)f sulphate plants at small 
gasworks, and to the unwillingness on the part of local authorities 
to admit the refuse to their sewers for disposal along with the 
ordinary sewage of the district. The Royal Commission on Sewage 
Disposal recommended that, subject to certain safeguards, the 
refuse®® should be admitted to the sewers, and found as a result 
of their investigations that if the volume of the refuse did not 
exceed 2%®^ of the volume of the sewage it would not seriously 
interfere with the treatment at the sewage disposal works. T. L. 
Bai^v®» in his Annual Report on Alkali, etc., Works for 1921 refers 
to the subject anti has devoted ^ good deal of attention to the 


** Journal of the Department 21» No. 4. 

118 (Septl,4921).^ 

19Sfe, 149 r. 

*® J., 1922, 177t. , 

Third Report, 1903. Cd. 1486. H.M. Stationery Office. 

“ Ninth Beport, 1916. Gd. 7819. If.M. Stationery OfflM. 
“H.M. Stationery Office ; Chem. Trait J., Aug. i. 1922, 134. 
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matter both in the laboratory and at gasworks. In co-operation 
with the efigineer aneV manager of the Hornsey Gasworks, he has 
carried out some large-scale Experiments and demonstrated that, 
by allowing ^tbe hot spent liquor Vo trickle* dflwTi a serubber, up 
which steaimand botler fire gasestiirc passed, {he polluting character 
of the liquor can be reduced Vy some 50%^ so that it<should be 
suitable for admission to the sewers. Presumably the phenoloid 
substances, to which the polluting character is largely due, are 
volatilised into the atmosphere. '' 

K. Imhoff '*'* has dealt with the treatment of coal-w ashing refuse, 
and has suggested th^ use of a Wolf rotating filter which is similar 
in construction to tlu^ Oliver and Zenith filters. He also suggests 
the treatmenf. of the refuse' by an ('lectro-osmose })rocess, and the 
briquetf ing of the coal sludge with sewage sludge from Ernscher or 
Imhoff tanks. The coal sludge when mixed with fine coke can be 
readily pressed. 

G. Hdnnicke'"' has described tlu^ processes in use at slaughter- 
houses and at factories in which the bodies of animals are worked 
up for the jycovpry of valuable materials. He also deals with the 
dispo.%1 of the w^astes from such factories and c[)ncludes that 
although they can b(^ dealt with by biological ])rocesses the cost is 
too great at the present time, lie suggests that the liquid refuse, 
if discharged into a small stream, should be chlorinated to prevent 
putrefaction until it reaches a larger stream.* 

E. V. Ch ambers has dealt wdth the purification of industrial 
waste waters w ith recovery of usekil by-products, and described 
very fully the o})crations involved in the treatment of w^aste waters 
in the woolkm and wire-drawnng industries. The recovery of 
hydrochloric acid after use for pickling wire has not hitherto met 
with much succesvS, but a plant to deal with 1000 gals, per day of 
such waste pickle has recently been erected ^t a wire works in the 
West Hiding of Yorkshire. The waste liquor is treated with 
sulphuric acid and subsequently distilled for the recovery of the 
hydrochloric acid, and ferrous sulphate is recovered by crystallisa- 
tion from the residual liquor in the still. 

The utilisation of the waste liquids produced in the manufacture 
of wood pulp has, from time to time, been the subject of inventions, 
and when it is borne in mind that the amount of wood which finds 
its w»ay into the waste liquors is equal to that •which appears in 
the finished product there woUld appear to be much scope for 
investigation. Huring the year Lcfra^c et Cie. have patented a 
proposal for obtaining butyric and other fa^ty acids* from such 

Oesundheitft-Ingenieur^ Oct. 28, 1922, 539. 

Dec. 2, 1922, 59.3. • 
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wasi-e ceiiulosic materials. Briefly the cellulose is converted into 
sugar, which is then fermented by meang of suftable«bactdria. 

Among articles dealing with the geflbral question of the treatment 
of liquid trade refifee 'those c(hitributed by E.'Rolaqts®® aiid A. 
Beltzer®’ may be meidioned, together with twoireportii®® issued by 
the Industrial Wastes^ 13oard of thvi Bexiartment of Health of the 
fState of CoiAiecticut, U.S.A. 


liivar Pollution. 

The activity of the j^ast year in the constriKJtion of sewage disiiosal 
works must have an eifeet on the condition, of th(^ rivt^rs. The 
(kMKTal Ue])ort''" of the Thames (.ouservaney for thv» ^jat 1921 
(!ontaiiis an aceoutit of mucii work b(‘ing done in the Thames Valley, 
and the work has been continued during 1922. 'J'he special activity 
lias been undoubtedly larg(‘ly due to tlie fact that Government 
grants have been available to assist in carrying out the work, but 
the pressure of the Locail Rivers Authorities and the neglect of 
works during the jirevious years have also been factors of 
importance. * • ^ 

As a result# of trade depression there has been a diminution in 
the volumes of trade waste wacers,diseharged to the rivers and Local 
Authorities have shown a reluctance in compelling manufacturers 
to construct or extend purification works for dealing with their 
tradi* effluents. • 

Thti most jjprious form of fiollution which has occurred during the 
year is that causc'd by thi^ distiharges from milk dejjots and cheese 
factories, and this h^^s been sx)ecially marked in Somersetshire. 
The iTeatinent of this kind of refuse has already been described, 
and there are signs that the evil is being gradually abated. 

Some trouble lias also been caused by discharges of spent sulphate 
of ammonia waste from gasworks, more especially in cases where 
this refuse^ has been discharged into the sewers of the local Sanitary 
Authority, but the researches of T, L. Bailey, to which reference 
has already been made, offer a possible solution of this difficulty. 
The biological treatnuuit of this class of refuse has been investigated 
by H. M. Wilson and W. J. Rcad,«« and by P. Keim,®' and its 
treatment by settlement and aerobic filtration through filters con- 
taining iron oxide has been the subject of a patent by the Koiipers 
Oo.*and R. L. Brown. ®^ 

('himic et Industrie, Feb., 1922. 

Jfnd. Chim.., Ma#., 192f, 9,5. 

' Surveyor, May 19, 1922, 411. 

H.M. Stationery (3ffico. 

Report to West Riding of Yorkshire Rivers Board 

(hsundheits-Ingenieur, June 3, 1^2. 

®*E.P. 161,976; J., 1922, 726a. 
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River pollution in South Wales h«J3,been considered by a Com- 
mittee Which «carri4d out ^ Regional Town Planning Survey, and 
they recommended an extehsion of the policy of constructing 
trunk outfalj ^.wers to convey the Sewage to the sea. 

The final ^ report* of the Committee, appnnted in May, 1919, 
jointly by the Ministry of Tran8j)ort and the JJlinistry of Agriculture 
and Fisheries, has not yet been issued, but as a rcfeult of their 
investigations the Ministry of Transport,®* in a Circular issued 
on April 18, 1922, urged Local Authorities to give a preference to 
asphaltic bitumen for the treatment of roads, tlie drainage from 
which was liable to ^cause damage to fisheries. J. J. Fox and 
A. J. H. Gauge®® hd,ve carried out some experiments for the Com- 
mittee on the determination of tar acids and tar bases in road 
drainage and muds, and have shown that aqueous extracts of 
vegetable substances contain phenolic substances. They have 
shown that by a process of distillation in steam it is possible to 
separate the substances of vegetable origin from those derived from 
tar, and thus to distinguish the nature of phenolic compounds 
found in road washings. 

The*pollution of streams by the wastes from pulp ai\d paper mills, 
and from strawboard factories, has received very full consideration 
in a series of papers by G. C.*^Wlrfpplc,®® H. W. Clark,®’ and 
H. B. Hommon.®® *■ 

A symposium on stream pollution and sewage disposal was 
organised by the American Society wf Civil Engineers and the 
discussion®® gives a general idea of the position in A^ierica. The 
stream pollution investigations undertaken by the U.S. Public 
Health Service on the Potomac, Ohio, aiid Illinois Rivers are 
models which might w ell be followed in many cases, and in a memor- 
andum’® on the future development of these and other investigajibions 
S; A. Forbes, E. 0. Jordan, and L. Pearse^ say : “ The present 
status of the stream-pollution problem and its regulation in the 
United States is somew^hat unsettled as regards any establisdied 
policy throughout the country. There has been, however, a 
definite trend in the last twenty years towards improving the 
condition of streams, and, in particular, those streams in which the 
nuisance is marked. The tendency to-day is also towards the 
improvement of streams from which water supplies are taken, and 
furth^ consideration is being given to the consei;vation of fishf lif€ 

r ^ 

Report to the Ministryof Health ; Eng. News Rcc., Nov. 16, 

®* Circular 149 (Roads). 

8® J., 1922, 173t. , 
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8’ Ibid., 1922, 48, 1393. 
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by stream cleaning. The probability is that, as the country becomes 
more thickly populated, tliere will be^furthiftr pressure* for better 
stream conditions, not only from the standpoint of nuisance, but 
also to relieve the '4oM upon «water- treatment »plapts using* such 
streams as sources of supply. li\ so far as tke stream pollution 
problem i^^self is concerned, the status and tendency seem to be 
fairly clear, with a trend towards the bettering of conditions in the 
waterways. On the other hand, the status and tendonoy of 
regulations are somewhat clouded by the variations in the different 
States having authority to act within their borders. This is further 
complicated by the lack of police powers in mamy States. A general 
tendency seems to be to give a central body, lil^ the State board of 
health, sufficient control, in a discretionary way, td'auvise on 
sanitary problems in stream pollution. There has not been, as 
yet, any marked inclination to follow the load of Ohio in permitting 
tlje State io order work constructed under certain stipulated 
conditions. From the standpoint of regulation of industrial waste 
pollution, while there is considerable activity, so far this has not 
always led to a complete solution of the problem, owiog to ‘the 
cost of treatment. The industrial w^aste problenF sceAs to* have* 
been one of nfore or less loeo;! handling, the practice of each State 
varying considerably. In some. States no attempt is made to 
regulate at all. The indications are, however, that even in States 
containing the most industries, conditions have come to such a 
jmss that even the inciustrieH realise that something must be done. 
This would ^eem to favour well-considered action towards 
regulations. • 

“It therefore scemf5*to us that the Public Health Service has, 
if it desires, a very definite function to perform in the handling of 
inter-State problems of stream pollution and in the investigation 
of these, as wtII as in the investigation of and research into the 
underlying prine]^»ies of stream pollution, sewage treatment, water 
purification, and sanitary science in general. It further seems that 
there is a very legitimate function in the co-ordination of effort in 
inter-state relations to a definite policy for all concerned. 

“ Regulation of the quality of water for inter-state carriers might 
also properly be reviewed from time to time. 

“ Our opinion as to the relative prominence of different lines of 
studi’ is expressed in order of importance as follows : ( 1 ) Fund^pien- 
tal studies of basic problems leading to results of general application^ 
for example, studies of analytical methods, the laws of oxygen loss 
and replafc^ment, tk^ law# covering bacterial death rates, laws 
governing the efficiency of filtration ; the efficiency of methods qf 
waste disposal, and*the laws governing the removal of colloids, 
dehydration of colloids, colour removal from water supplies, etc. 
(2) Collective studies bringing together scattered observations ; 
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for example, assembling from various sources, maWial relating to 
stream pollution cdiditions, sewage* treatment practice, water 
purificativjn, etc., utilising aala available from State and municipal 
organisations.^ » < ' * . ■ 

“ These Studies , should, if possible, be ^correlated by enough 
personal contact, and perhaps* kboratory work, to put the methods 
of reporting and analysis upon a common 'basis. If practicable, 
more effort should be made towards standardisation of laboratory 
methods, and methods of reporting. In this conneijion, also, 
might well be considered the practicability of a semi-annual review 
of the progress in thei fields of sewage treatment, water purification, 
and sanitary science, with a view to making more easily available 
in brief cofapass the special work being carried on throughout the 
country, as well as summarising progress in the work.” This 
extract from a memorandum prepared jointly by a professor of 
biology, a professor of hygiene and bacteriology, and a sanitary 
engineer, who have jointly acted as consultants c'f the U.8. Public 
Health Service in matters relating to stnuim j)ollution investigations, 
indifcates the trend of events in AmtTica. The work already 
undeijtakeif by ^he Public Health Service has comprised laboratory 
studies of the fundamental biocliemistry of sewager disposal and 
water-purification ; experimental Judies of methods for the 
treatment of sewage and industrial wastes ; fairly extensive studies 
of sewage disposal by dilution in several typical waterways ; surveys 
of the pollution of coastal waters, with special Reference to contamin- 
ation of shell- fish ; and co-operation with States and, municipalities 
in the study of a number of local problems. 

Reference has already been made to tljc co-operation of the 
officials of the States of New Jersey and Pennsylvania, with regard 
to the standards to be attained by effluents from the treatment of 
sewage discharged into the Delaware River, and although the 
Royal Commission on Sewage Disposal recommended the adoption 
of standards for effluents in this country no progress has been made 
towards making such standards legal. The recommendation^ of 
the Royal Commission are, however, used as guides in considering 
the details of any case, and it is therefore very important that the 
results of tests carried out in various laboratories should be com- 
parable. In this connexion J. H. Garner"^ has shown that in 
carrying out the test recommended by the Royal Commission for 
the dSitermination of the amount of dissolved oxygen taken up from 
£terated water by an effliiient in five days it is very important that 
standard conditidns should be observe^, and^that by using the tap 
water from different towns different results are obtained. 

^ It be recollected that the Royal Comipission recommend^ 
the adoption of different standards, according to the dilution afforded 
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by the river, info which the eluent is to be discharged. The adop- 
tion of such a recommendation would involvfe a ggod deal of river 
gauging, and the Department of Scietiftfic and Industrial Research 
have published a Bepoft on current meters for urn^ in river gahging, 
prepared by M. A. Hogan.’® 

• Toums* Solid Refuse. 

The collection and disposal of towns’ solid refuse is being dealt 
with each year on more systematic and scientific lines. 

In England and Wales the amount of towns’ refuse is estimated 
at 10 million tons i)er annum, and the annual»cost of collection and 
disposal at over £0,000,000. 

Tlie problems to be considered in connexion with tife collection 
arc the use of mechanical as against horse haulage and the use of 
covered vcdiicles. Generally speaking it may be said that mc(diani- 
(;al haulage is only le‘ss costly when the distances over which the 
refuse has to be liauled arc comparatively long, so that in many 
towns it is found advisable to adopt both kinds of haulage. The 
use of covered vehicles to prevent the refuse from being b!<iwn about 
is in all cases very desirable. 

Some usefftl information is to be found in a contribution by 
E. Wilkinson,’® on the mociianieal equij)ment of municipal works 
d(‘pots and scavenging and cleansing departments, and a useful 
review of the methods of coll(‘ction, disjiosal, and utilisation of 
house refuse has been made by J. S. Kae.’*^ 

With regayl to the disposal of this class of refuse, the practice 
of indiscriminate dumping ftn tips is diminishing, although it 
cannot be avoidt^d in iill cases, and during the year the Ministry of 
Health issued suggestions with a view to diminishing the nuisance 
liable to be caused by such tips. The main precaution to be taken 
is to cover the refuse tips wdth soil following de])osition. 

A Conference’ of (he Metropolitan Boroughs, to which reference 
w as made in last year's Report, has considered the various methods 
oftdisposal, which may be classified as : — 

(a) Dumping on land tiiis. 

(b) Dumping in the sea. 

(c) Burning in destructors. 

{d) Pulverising by machinery. 

(^) Screening and grading by machinery. 

Only the first two may be regarded as final methods of disposal ; 
destructors yield a clinker which must either bp tipped, used for 
making i^ncrete or roadsf or for sewage filters ; the other two 

Stationery Office. 
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methods serve to prepare the material for use os a fertiliser or to 
assist in the s^lvage^ of fuel, tins, glas6, waste paper, and other 
constitueijts. Those two nictkods are coming into increasing use, 
and "^orks for the salvage and utilisation df towns’ ^refuse are in 
operation or in co]irse of cons^uction at many places, such as 
Sheffield, Birmingham, New^nk, Eccles, llo ness, and Falkirk. 
The Eccles’® salvage plant has been described during the year, and 
J. W. Hipwood” has described the methods in use at Newark. 

Messrs. Ashwell and Nesbit, Ltd., Leicester, have- inti;oduced a 
plant for the production t)f gas from house refuse, on the lines of 
producer gas plant, t The fuel is furnished by the cinders and 
vegetable matter in,the refuse and the makers liave a 50 h.p. plant 
operating oFl dustbin refuse. 

With regard to general methods of utilisation, the importance 
of first obtaining an anal^^sis of the refuse cannot be unduly stressed. 
J. C. Dawes estimates the average analysis to be somewhat as 
follows : Fine dust, 45% ; fuel (cinders of all .sizes), 35-40% ; 
vegetable matter, 5-10% ; paper and light ckdiris, 4% ; metals, 
1*0-1 *5% ; bone, 0*3% ; glass, stone, brick, and heavy debris, 
12% and • other figures have been published by J. W. Hipwood 
and others. ' » 

The main outlet for the disposal of^ulverised or screened refuse 
is as a fertiliser, especially for use on stiff or heavy land, and Sir 
J. Russell’® has drawn attention to the value of this material 
to take the place of stable manure, supplies of which for the large 
market gardens arc rapidly diminishing. Analyses o^^ the material 
which have been published show that it contains from 1 to 2% of 
nitrogen, together with variable but small, percentages of lime, 
phosphoric acid, and potash. 

Until recently the railway rates for the transport of this material 
have hindered its proper utilisation, but the railway companies are 
now prepared to quote special rates, so that the cost of carriage is 
comparable with that of stable manure. 

Watee Supply. 

As already stated, the year has been marked by exceptional 
activity in the construction of works for the supply of water for 
domestic consumption, due to the fear of another drought such as 
was experienced in 1921, and to the fact that a Government gaaHt 
has been available in aid of w«‘rk undertaken for the relief of 
unemployment. 

It was not until the middle of the year^’vvas passed that the danger 
of a recurrence of the water shortage caused by the 19^1 dremght 

Mun. Eng. and San. Bee., Dee. 7, 1922, 627. 
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could be said ft) be generally past, and even then in some districts 

the danger was present. *0!n March 29, 1922, Hhe ISfinistiy of Health 
issued a circular’® to Water Authoriti^, urging thetn in yiew of the 
prevailing shortage to be prepared with meatfires for conserving 
or supplementing their supplies and offering tcj render assistance by 
furnishing any infoAnation in thfeir possession, and so late as 
June 23, 1^2, a furfher circular®® was issued drawing attention to 
the earlier warnings on the matter. Sir A. C. Houston®^ ht.s dealt 
with the^ effects of the 1921 drought, more especially with reference 
to the chlorination of impure water supplies, and C. E. P. Brooks 
and J. Glasspoole®2 have dealt with the same subject from the 
statistical point of view. , 

The subject of water chlorination has received an xiiercasing 
amount of attention during the year. In his sixteenth Annual 
Report®® to the London Metropolitan Water Board Sir A. C. 
Houston gives some interesting information on the continued 
application of the process to the London water supply derived from 
tlie Thames, the New River, and from a deep well, the water from 
which contained very little oxidisable matter. In the latter*case, 
with a dose of chlorine of 0*25 part per million, tio taste cyuld be 
detected near the works, but occasionally in various parts of the 
area of supply there aroso wav es pf taste. If this dose was increased 
or diminished materially, the effect w^as to impart to the water a 
chlorinous or an iodoform taste respectively, and it w'as finally 
decided to 8uper-ch'ft)rinate with a dose of one part per million, and 
to dechlorinj/te the water w^th a solution of sulphur dioxide. After 
tlic adoption of this double process all complaints of taste ceased. 
In some general notq^s on the futm*e of chlorination Houston sum- 
marises the advantages and disadvantages, and undoubtedly shows 
that the process has a much wider applicability than it has hitherto 
enjoyed. His description of the methods of administering chlorine 
to water should riroye of inestimable value to all those who propose 
to adopt the j)iocess. In a lecture on “ Rrogress in Water Purifica* 
tmn,” delivered at the Annual Winter Meeting of the Institutioi^ 
of Water Engineers, Sir A. C. Houston®* provides much food for 
thought on the various aspects of the subject from slow sand 
filtration to chlorination. H. P. Boulnois®® has contributed a 
series of articles on the historical aspect of London’s water 
supply. 

Circular 288. 

Jhid ;t21. 
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* M' Canada and the United States of America, especially along the 
shores of “tfie G^eat fjakes, questions* of water purification are 
becoming important if ^lat acute, and much labour has been 
expended upon scientific investigations of th^, yarioifs problems 
which arise. ^Hapid filtration and chlorination have there found 
more extended apjAication thsei in this country, and various 
possibilities have been explored with a view 11) making, use of new 
ideas. For example, at Toronto where Lake Ontario water has 
been treated after coagulation with alum in “ drifting sand ” 
filters and subsequently chlorinated, N. J. Howard®* has shown 
that by the use of chlorine prior to ra])id filtration on a plant 
dealing with 35 to 50,, million gallons per day a great saving can be 
effected, botli in the cost of chemicals and in the lessened need for 
cleaning th(i rapid filters. The quality of the water of Lake Ontario 
has deteriorated during the last few years to such an i‘xtent that it 
has been necessary to increase the dose of alum required for coagula- 
tion from 1 -0 to 2-5 grains per gallon. This had the efleet of reducing 
the output from the filters owing to the more frequent cleansing 
nccef*sary, and by substituting chlorine for alum at such times as 
the water wifs pl^sically good the above-mentioned double saving 
has been effected. A record of tht^ laboratory work carried out in 
connexion with the Toronto water ,sup|^y during 1912 to 1921, has 
been published by N. J. Howard,®’ the bacteriologist in charge. 
The publication contains some very satisfadtory results of four 
years’ working of the “ drifting sand ” filter; v^hich was illustrated 
in the Annual lleport®® for 1919, and 'records the typhoid death- 
rates per 100,000 of population, as follows : — 


1910a .. 

40-8 

1914 .. 

7-5 

, 1918 . 

31 

1911 .. 

200 

1915c . . 

1-9 

1919 . 

2-6 

19126 .. 

121 

I916d .. 

6-8 

J 920 . 

2-0 

1913 . . 

10-4 

1917 .. 

3-8 

1921 . 

3*0 


a Raw water chlorinated following epidemic. 

‘ b Raw water partly filtered and chlorinated. 

c ('itv by-law enforcing paBteurisation of milk became effective. 
d Military camp in Toronto, w'here several cases developed and were 
scored against city. ■ « 

' Toronto is one of the few places where a scientific control of the 
water sup})ly is exercised at all comj)arable with that undertaken 
by the London Metropolitan Water Board, and it is to be regretted 
that owing to a limited staff it has been found necessary to limit 
the work. t 

The ‘use of alum and chlorine tpgether for the treatment of soft 
coloured waters has also* been discussed by A. L. Gammage®* aS 

a means of pre\^enting corrosion. Both itlj,ese chemiteals will 

< » , ' ' 
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®* .4»n. JieptH., 1919^4, 481. « ■ 

®» Eng. Nem Rfic., Sept. 7, 1922,^391. 
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indoubtedly have an influencis upon the hydrogen-ion concentration 
li the water, and as this is an important factor in corroSion it may 
be possible to adjust the relative amofints in such a way ai to reduce 
Ljorrosion to a miitiftiifm. Tho question of the tesirjugil alum after 
coagulation also has a bearing on tjie same point, and considerable 
amount of work has neen done by*W. Gore,®“ W. J). Hatfield, 

,J. 11. BayliSf®*^ R. E. ftreenfield and A. M. Buswell,®^ A. M Buswell 
and G. P. Edwards,®* E. Hannan,®^ and others on the influence of 
the Ph vajue of the water on this factor. It appears that if a 

minimum of residual alum is obtained after coagulation. The 
importance and practical bearing of thesa investigations upon 
precipitation and water softening phenomena is only just being 
realised and therefore reference should be made to f^ome of the 
pioneer literature on the subject.®® 

The effect of water supply on vital statistics has received some 
attention during the y(‘ar and the use of semi-logarithmic paper in 
plotting death rates has been advocated by G. 0. Whipple and A. D. 
Hamblen®’ as giving a more marked indication of changes in the 
curves than ordinary squared paper. For example, by tnis method 
it is possible to show accelerations in the graduifl define due to 
sanitation in *the typhoid death-rate in America due to the general 
introduction of water filtration about 181)0, and to milk control and 
chlorination of viator supply between 1908 and 1910. 

Two notable eases of epidemics caused by impure water have 
been reported upon efuring the year. W. V. 8haw®® reported to the 
Ministry of H^jalth upon an epidemic of enteric fever at Bolton-upon- 
Hearne, and T. W. Wade®® reJ>orted to the Welsh Board of Health 
on the occurrence of bacillary dysentery in the Ogmore and Garw 
Urban District in the County of Glamorgan. 

L. Pearse and S. L. Tolman, iji a paper presented at the Annual 
Meeting of the American Public Health Association in October, 
1922, summarised tho position with regard to the water supply of 
the larger cities around the Great Lakes, and gave statistics on the 
typhoid fever death rates for those cities and all cities in the United 
States having populations of 100,000 or over. 

®® Mun. Eng. and San. Rec., July 20, 1922, 61, 62. 

J. Ind. Eng. Chem., 1922. 14, 1038. 

Eng. News Rec.y Aug. 31, 1922, 351. 

J. Amer. Chem. Soc., 1922, 44, 1435 ; J., 1922, 682a. 
r Vhmi. and Met. Eng., 1922, 26, 826 ; J., 1922, 480a. 

Water ami Wittier Engineering, M^r. 20, 1922, 85. ^ 

®'‘ V.S. Public Health Heporta, 37, Feb. 17, R122, 341 ; Water and Water 
Engineerings April 20, 1922, 131; Mar. 20, 1922, 85 ^ Z. Unters. Nahr. 
(ienussm., ISj^l, 42, 173! • 

U.S. Public Health Reports, 37, Aug. 18, 1922; Eng. Netvs Rec., Nov. 9, 
1922, 776. » 

Reports 07 h Public HeaUh and Medical Subjects No, 12, H.M. Stationery 

Office. 

®® Ibid., No. 14. H.M. Stationery Office. 



484 


HEI’ORTS of the progeess op applied chemistry. 


t ^ « 

Perhaps the most serious disadvantage in the use of chlorine 
for the steriSisatittn of ^ater i^ the danger o‘f producing an unpleasant 
taste, ^a “ ohlormous ” taste with large doses and an “ iodoform ” 
taste with si^ia|l ddses, with an intcft'mediate*’ dft)»e which does not 
produce any .taste. . The bold coprse, though the more expensive, 
in such cases is to supcrchloriu'ate and then dechlorinate the water 
with sulphurous acid gas, or the use of permanganate after chlorina- 
tion is effective in removing the “ iodoform ” taste. Until the 
origin of the taste is known it is difficult to suggest other Remedies, 
but some work has been done in this direction during the year by 
E. Barlow and R. M. ‘Warren,^®® and by N. J. Howard, who has 
recorded his experience in a ])aper on “ Modern practice in the 
removal of \'aste and odour.” It is very important that the dose 
of chlorine should be pro})erly regulated, and this has been done at 
Toronto by making up several colour standards, which can be 
matched by the blue colour j)roduced in the sterilised water with 
starch and iodide. The greatest difficulty is experienced in dealing 
with the so-called ” iodoform ” taste, which is attributed to the 
production of chlorophenols. It has been suggested that the 
phenolic substantics may be derived from vegetable matters present 
in the water, but the matter requires furtlujr investigation. 

Besides tastes caused by chlorftiatifen Howard deals with those 
caused by the ])resence of iron and algal growths, and he points out 
the possibility of minimal quantities of industrial wastes being the 
cause of complaints. It would be interesting to observe the effect 
of chlorination on a water having an algal taste to sa? whether an 
t‘xcessive iodoform ” taste could'^ be produced. Such odour- 
producing alga? can be eradicated by the ui,e of co})per sulxdiate, 
and K. E. KelkTmaid®^ of the Bureau of Plant Industry, U.S. 
Department of Agriculture, has given the quantities of this material 
required to kill various forms of odour-jiroducing organisms, 
together with the safe limiting amounts which can be used without 
killing various kinds of fish. Unfortunately, the x)aper does not 
state whether the figures refer to the crystallised or the anhydrius 
copper sulphate. 

The use of rapid filters has been the subject of experiments during 
the year by 8ir A. C. Houston,'®^ who has considered various 
possibilities of utilising tliem with economical advantage, more 
especially in conjunction with ‘ semi-rapid filters. If the riipid 
filfers can be worked at a rate of 21X) gals, per sq. ft. per hr., and 
the semi-rapid filters at a rate of 10 gals, ijor sq. ft. per hr., the 

Knrj. News ^v. 2:?, 1922, 878. 

Anicr. Waterworks 1922, 9 , 706; Surveyor, Nov. 3, ,1922, 

275 ; J., 1922, 994a ; Anu'rican Vily, Oct., J922, HOO! 

Surveyor, July JJl, 1022 ; ()c«i*27, 1922, 201 ; Nov. 3, 1922, 270* 

Sixteenth Annual Report, 23^* P. S. King & Son, Ltd. 
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process wouW seem to ofjej littractive economic possibilities, when 
it is borne in mind that the rate of filtr^ition practised b^ the Metro- 
politan Water Board, is under rather than over 2 gals.»per sq. ft. 
])er hour. Subsequent chloriifation would undbubV?dly render the 
position safe bacteri'^dogically, iwt; such a water might possibly 
eiicouragi^ a variety §1 growths in \he distribution mains. The use 
of rapid for the removal of iron in German waterr lias been 

described by K. Kisskaltd^^ 

A very promising development of rapid filtration has been 
described by H. W..(Jlark,'®'^ as a result of experiments carried out 
for the Massachusetts State Department of ‘Health. He proposes 
the addition of aluminium sulphate to the sand^and the pre^'ipitation 
of hydroxide in siln ])y means of caustic s('>da. In his experimental 
filters he used sands having eff(‘etive sizes varying from 0-25 to 
(1*11 mm. and of a depth of 4-5 ft. The use of aluminium sulphate 
norks out at 0-2 grain per gallon of water filterc'd, and rates of 
filtration of 2-.') to 5*0 million gallons per acre per day can be attained. 
I’he filter is washed and the aluminium hydroxide regenerated 
('very tw^o or three months by the use of caustic soda (say 0*5 grain 
})er gallon gf water filtered). The cost of fil^^ation, including 
I'egeneration , is estimatcHi at 2*78 to ,‘h()5 dollars per million gals., 
as against G to 7 dollars for the ordinary me'chanical filtration, 
'fhe process is to be tv*ste'd on a large scale at several American water 
treatment plants, t 

The loading or dosing of Alnerican filter plants has been considered 
by H. W. wtreeter,^'*® wdio gives the U.S. Trc'asury Department 
requirements as not more than 500 B. coil per 100 c.c. for the raw 
water, and not more than 2 B. coli per 100 c.c. for the effluent from 
the purification jilant. For effleient plants he works out a mathe- 
matical relationship for the bacterial content of the raw water, 
and the effluent as follows: E - c R«. in which E and R represent 
tlie bacterial content of the effluent and raw^ water, respectively, 
agd c and n are constants, as giv(*n in the following table : — 


r n 

For gelatin count . . . . . . . . . . 4-41 0-27 

For agar count . . . . 0-28 0-55 

For B. coli count . . . . . . , . . . 0 29 0*80 

Tv.o little attci^tion appears to hlivc been devoted to the suitability 
of the sand used for filtration puitposes, especially in Great 5rit»in, 
and more use should be made of determinations of the “ effective 

size ” ancL “ uniformitv coftffleient ” of the sand used. 

► # 

nemndhcita-lngenkur, Oct. 14, 1922, 522; Qas- und Woaacrfach, 1922, 

6, 85. 

Eng. News Rec., Sept. 28, 1922, *1)14 ; Nov. 23, 1922,' 900. 

U.S. Pvblic Health Reports, 37, Mar. 31, 1922, 741. 
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The filtration and sterilisation of Vatcr for use aijd re-use in 
swimming 'baths,'^**’ is reoei^ng increasing attention, and G. M. 
Fair^“® hfw? drawn attention td'the possible use in this connexion of 
chlorine, coppqr sdlphate, ozone, add ultra- vioVdb rays. 

G. J. Fowjer and^R. R. Deo*®^^ have carried out experiments on 
the purification effected in waVer by meanp of activated silt, a 
process analogous to the activated sludge process for treating sewage. 

In a paper on the action of natural waters on lead, J. C. Thresh 
breaks new ground in taking into account the electrical cortductivitj 
and Ph values of the waters, and L. Greenburg^“ has traced the 
contamination of a Water supply to the lead flashings on the rooi 
of the building from which rain water was collected and used foi 
drinking purposes. 

The corrosion of iron and steel, often due to an improper treat 
ment, or an absence of treatment, of water, is a very serious matter 
and Sir R. Had field, in a paper presented to the Institution o; 
Civil Engineers, estimates the world’s output of th'ese metals durin| 
1860-1920 at 1860 million tons, of which 660 million tons w^as losi 
by rusting in use For the year 1920 he estimates the loss b^ 
rusting at 2^1 miltion tons, and th§.cost of this wastage, after allowinj 
for cost of protection, at £700,000,000. The question of corrosioi 
is being thoroughly investigated and Has been the sul)ject of a pape 
by J. W. Shipley, who dircc'-ted attention* to cast iron pipes i: 
alkaline soils. The prevention of corrosion in boilers by de-aeratio 
or de-activation has been dealt wijh by F. N. Speller an 
G. Paris,’’ ^ and the use of barium hydroxide hus also bee 
recommended’’’’ for this purpose. 

Water softening is finding increasing a})pKcation both for indui 
trial and domestic purposes, and Messrs. J. Crosfield and Son 
Ltd.”“ have lately introduced a new material for use in softenir 
filters. The material is termed Doucil, and is believed to I 
AlEOa.NagO.fiSiOg. E. F. Armstrong’” has described its prepari 
tion. Solutions of sodium silicate and aluminate are prepared ^ 
such strengths that when mixed they set to a jelly, which lAt 
dries to a gel containing 50% of water. This material can then 1 
used for softening water, as it is capable of exchanging over 5’ 
of its weight for calcium and magnesium contained in the wate 

’“7 Mun. Eng. and San. Rec., July 27, 1922, 92 ; Sept. 21, 1922, 326. 
Lancet, I)ec. 3, 1921, 1398. ‘ 

Indian Inst. ScL, 1921, 4, 149 ; J., 1922, 432;5. 

Analyst, 1922, 47 , 459, 500; J., 1923, 159a. 
n.S. Public (lealth Reports, 87, July 28, 1922, 1825, 

”2*/.; 1922, 31 It. , • •• 

”2 Water and Water Engineering, Oct. 20, 1922, 356. 

Engineer, Dec. 23, 1921, 677. ‘ 

Water and Water Engineerina,,^aT. 20, 1922. 

”« E.P. 142J)74 and 177,746; J., 1920, 526a ; 1922, 372a. 

J., 1922* 602b. * 
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and can be regenerated by^the use of salt solutions in the same 
way as permutit is used and regenerfjted. 

The radioactivity of misceilaneohs waters has 'been examined 
in the U.S. Bureau of Chemistry by W. W. *Ski|jn^r and*J. W. 
Sale,^^® but the poasi^ile effects of this property have, not yet been 
fully inw)stigat^. , 

No legislfttion has followed the Final Report of the Wrter Power 
Resources Committee appointed by the Board of Trade in June, 
1918, but tlie Minister of Health has appointed an Interdepart- 
mental Committee to correlate the various interests of the Govern- 
ment Dcipartnients in matters relating tcf water. P. Griffith 
contributed a paper on the Conservation and Allocation of National 
Water Resources to the Annual Congress of the Royal Sanitary 
Institute, and the British Waterworks Association (Incorporated) 
and the Institution of Water Engineers jointly considered the 
recommendations of the Water Power Resources Committee. The 
Minister of Health appointed a small Committee to advise on the 
technical problems arising in the treatment of water, and has 
recently appointed a Standing Advisory Committee, consisting of 
three representatives from each of the above orgahisatfbnsjto confer 
with the officials of the Ministry on questions relating to water 
supply. 

During the year, the General Assembly of Ohio has enacted 
amendments^*'” to^the existing law for enforcing correction of 
stream pollution and imprpvement of public water supplies, which 
give power* to the State Board of Health to make inquiries and 
investigations into existing conditions and to order the construction 
of works for preventing j)ollution or improving water supplies. 


In conclusion, the wi-iter vdshes to express his thanks to all 
engaged upon work in connexion with the subject of this Report, 
who have so willingly supplied the information without which 
fhe Report could not have been compiled. 

J. hid.. Eng, Chem., 1922, 14 , 949. 

Surveyor, Aug. 11, 1922, 91. 

12® U.S. Public Health Reports, 37, Aug. 11, 1922, 1945. 
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FINE CFEMKIALS, MEJIIOTNAL SUBSTANCES, 

. rANl) ESSENTIAL Ol£S. 

** by HAROLVj^kiNG, D.Sd, 

Department of Biochemistry and Pharrmcotogy, The ^aiiorml 
Institute for Medicxil Besearch, Hampstead. 

In the section of applied ohemistry covered by the afiove ‘title the 
past year has seen steady and solid progress. The one outstanding 
discovery of the year i^ the preparation of an extract of the pancreas 
containing the hormrtne insulin, and its use for the amelioration of 
the diabetic' condition in man. For a decade or more insulin 
will be the focus of attention of numerous workers until its great 
potentalitics, both theoretical and practical, are fully explored. 

Alkaloids. 

< Hyoscine and Allied Bases. 

Therp are^few ‘valuable alkalojds which, from the date of their 
discovery, have been the subject of more continual' controversy 
than hyoscine. Isolated in 1 880 by LAdenburg, and called hyoscine, 
re-discovered in 1888 by Schmidt, and named scopolamine, and 
an inactive form named atroscine found by Hesse, two or more 
decades passed before the discussion as to tfte identity of these 
alkaloids subsided. The last decade ‘has been dcv« 9 ted to the 
difficult and surprising problem of the constitution of hyoscine, 
and of the basic hydrolytic portion of the molecule, oscine. In the 
past year the problem was finally settled.^ It will be recalled 
that in 1919 the writer showed that hyoscine could be resolved by 
bromocamphorsulphonic acid,® that the active hyoscines when 
hydrolysed gave optically active tropic acid afnd optically inactive 
oscine, and that the hydrolytic product oscine could itself be 
resolved. This could be interpreted in at least two ways : eithen.a 
symmetrical oscine occurs in the esterified state in hyoscine, and 
on hydrolysis gives an unsymmetrical oscine, or d- and Z-hyoscines 
were partially racemic esters owing their activity to the tropyl 
portion of the molecule and theoretically capable of further resolu- 
tion. An attempt ® to decide this point in favour of the second 
bypothesis by conversion of Z-hyoscine into inac^ave apohyoscine 

" Ph * Ph 

CgHiabN-OCO-CH -> CJIliaONOCOC 

CH^OH , ck 

• I K. HesR and 0. Wahl; Ben, 1922, 65, 1979 ; J., 1922, 683a. . 

* H. King, Chem. Soc. Trana., 1919, 116, 476. 

3 H. King, Chem. Soc. Trans., m9, 115, 974. 
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and resolution of ajpohyosoifie was not successful in^the latter 
respect. Hess and Wahl have, howevir, now gonf^^a step further 
and have reduced tlje double bond in u^pohyosciye with jf^odiv^tion 
of hydratropyloscine. They ^nd that it is not identical with 
either of the two raccinic esters farmed by estt^rificat/on of oscine 
with hydratropic acid# This can only mean that oscine in hyoscine 
exists in a perfectly symmetrical state, but becomes unsyiaiuetrical 
on liydrolysis, 

I -i 

/CH ■ CH • CH. Ph PH CH- 

/III I I .1 'I 

O NMo OTO-CO-PH — NMe J 

\ I I I I II 1 

\CH • CH • CR, CHgOH (JHOH-CH CH, 

When the bases of coca leaves are liydrolysed a number of acids 
aie found whose esters have never been isolated from the crude 
alkaloidal bases. The basic hydrolytic products may, of course, be 
identical with known bases such as eegonine or p-sew^^otroyine, 
but that this is not entirely so is showm by the recent isolation* 
of a new crystalline base, isomeric with fropiite and 

pfiPudotro]}me, from the L*sic residues after removal of eegonine. 
Jt has been characterised by prejftiration of salts, and of its benzoyl 
derivative and methiodide. It would be interesting to know 
whether it is optici^lly active, and to wdiat degree its benzoyl, 
niandelyl, and tropyl esters .are pharmacologically active. 

In this co’rAiexion an accouyit of an attractive piece of work has 
been published by J. v. Braun and his co-workers.^' The benzoyl 
and tropyl esters of d series of and y -hydroxy alky lamines of 
tiie t 3 rpes 

NRa-CHa-CHaOH NR./CH2CH.,-CH20H 

R : N CH, CH,OH R : N CH,-CH,-CH,OH 

fi-iypi,. ‘ “ y-tyjje. 

have been prepared. The benzoyl derivatives of the y-type are 
m^>re active physiologically than those of the j3-type, whereas the 
reverse holds for the tropyl derivatives. In the secondary bases, 
where R : N — is the piperidine or pyrrolidine group, the six- 
membered ring confers the greater physiological activity, both 
on the mydriatic and cardiac action of the tropyl derivatives and 
the^anresthetic action of the benzoyl derivatives. These observa- 
tions amplify some earlier findings ® of the same worker and •his 
assistants, when they showed that in* a series of compounSs, 

* J. Tr«ger and it. *Schwarzonberg, Arch. Plyirm., 1921, 269, 207 ; J., 
1922, 11 6a. 

*J.v. Braun, 0. Bfaunsdorf, and K. Rath, Ber., 1922, 65, 1660; J., 1922, 
608a. . , 

* J. V. Braun, K. Rath, Ber., 1920, 63, 601 ; J. Chem. Soc., 1920, i., 446 S 
, Braun and E. Muller, Ber., 1918, 61, ^36 ; J., 1918, 281a. 
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R : NRi where Ri=/CH 2 )nOH, and Where R : N was the nortro- 
pane ring*'(I.),,*fchc csterifiq^ norhydroecgonidine ring (II. >, or the 
corrQsporfding anhydro-derivatives, the , maximum ansesthetic 
action of tkerbenzoyl compounds^ was observed when n=.3, and 
.the maximum cardiac and mydrkitic action the tropyl compounds 
when n=2. c 


• CHj 
NRi CTTa 

I I ‘ 

CTFoCiH-CH, 

I. 


CH,-CH ■ CH-CO^Et 

I NHiiHa 


I I I 

OH.. OH • CH., 


]1. 


The happy idea ol R. Robinson and A. Lapworth of the possibility 
of a synthesis of tropinonc from succindialdehyde, methylamine, 
and acetone, or a derivative, was carried into effect' by Robinson 
in 1917. The past year has seen the exx>loilation of this reaction, 
and the filing of patents in various countries by foreign workers, 
Tropinonedicarboxylic acid esters ar(‘ obtaini'd when acetone- 
dicf».rboxylic acid or derivatives are used, and careful hydrolysis 
leads to the production of tropinonemonocarboxylic acid esters 
Thesfc may, however, be obtained directly by condensation oi 
succindialdehyde, methylamine, and acetoacetic ester.® 


CHaCHO OH 3 

I 

-f NH^Me + CO 

CHa-CHO CHa-COaEt c 


CH.CH— CH, 

I , ! I 

N-Me CO 

r •! I 

CH./CH— CH-COgEfc 


If the condensation of succindialdehyde, methylamine, anr 
acctonedicarboxylic acid be effected in the presence of 3% sodiun 
amalgam in weakly acid solution a mixture of amino- alcohols ii 
formed by reduction of the keto-group, and from this a methy 
ester identical with methylecgonine is obtained.^" On benzoylatioi 
this gives r-cocaine. r-Cocaine has never been resolved into it 
two enantiomorphs, and it would be of great interest to hav< 
recorded the pharmacological properties of the missing d-cocaine 
It would be too much to hope that it possessed the valuable pfo|)er 
ties of Z-cocaine without its undesirable ones. 


CineJuma Alkaloids. 

The great value of the cinchona group of alkaloids to humanity 
may be gauged by the fact that eight million pounds of f^tor 
barkt that is to say, bark of hi^ quinine content and low eonten 
()f other alkaloids, is efonsumed annually in the British Empir 

’ Chem. Soc. Trans., } 91 7, 111, 7G2 ; J., 9 1 7, 10^2, 

*E. Merck, O. Wolfes, and Hf. Maeder, G.P. 354,950, J., 1922,“ 7$7,i 
E.P. 104,757, J., 1922, 436a. E. Merck, G.J*. 344,(Xn, J., 1922, 270Aj ^ 
163,018, J., 1922, 270a. - 

E. Merck and O.^^olfos, E.P. 153,917 ; J., 1922, 436a. 

E. Merck, O. Wolfes, and HfMaeder, Cl.P. 354,696 ; J., 1222, 787)4* 
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done. Of this quantity sefen million pounds is supj)lied from 
sources outside the Empie, chiefly The^proved efficacy 

[)f the cinchona alkaloids, both i>ro^ylacticaU^ and as* a c^e m 
malaria, and in aliflnor dcgredfor the alleviation of the condition 
of auricular fibrillatio|i and other cardiac irr«gularities, is ample 
justification for the epormous attehtion now being devoted to this 
group. Foitunately the great output renders these alkaloids 
fairly readily accessible in quantity, and their known complex 
constitution ahd manifold reactivities len(J themselves with peculiar 
('ase to experimental work. A reaction which is doubtless of 
valuable commercial application is the observation of E. Speyer 
and A. G. Becker, that quinine, hydroquiniife, quinidine, hydro- 
cupreine, and ethylhydrocupreine react with 30% hydrogen 
peroxide to give amine-oxides, the original bases being regenerated 
by the action of sulphurous acid.^- This prot(‘cti()n of one of the 
totiary nitrogen atonis facilitates the preparation of 0- alkyl 
derivatives of hydrocupreine without formation, at least as far 
as one nitrogen atom is concerned, of quaternary bases during 





The well-known American workers in this group, W. A. Jacobs 
agid M. Heidelberger, have described a large number of interesti^ 
derivatives during the past year. As these workers are chiefly 
concerned with the preparation of these substances for determination 
of their bactericidal action, mainly on pneumococcus, it would be a 
welcome change to receive some brief statement of the activity 
in the chemical portion of their p^per. Tliis lacuna was particularly 
noticeable in the vast number of arsenic compounds descmb^ by 
those authors, only one of wlfich, tryparsamide, as was slwwr 
subsequently, proved tq have any notcworliiy spirochaeticida 
action. ^These authors have described’^ ckamino-, aminohydroxy- 


J., 1922, 512k» Lancet, 1922, 2, 526. 

«^cr., 1922, 66 . 1321 ; J.. 192Vi16a. j 439 A 

« Voreinigte Chininfabr. Zimmer ^ 

1 * J. Amer. Chem. Soc., 1922, 44, ; J., 19-2, 616a. 
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and dihydroxy-deriv^atives of quini^ie, . substitution taking place 
in the phenyl .fiucleus of tfie quinoline group. Of equal interest 
are the 'nydro-derivatives of h 5 ^drocincho,nine, cinchonine, and 
hydroquinine, produced by reduction with sodium and amy] 
alcohol.^® The quinoline nucleus may ta/;e up four hydrogen 
atoms in the usual way, and in addition thf >CHOH group may 
be reduced with production of deoxy-bases. The isolated observa- 
tions of a number of wwkers are thus linked up and elucidated. 
The toxines produced by. the action of dilute acids on thei cinchona 
alkaloids contain a keto group, and this may now be reduced by 
hydrogen and palladium to an alcoholic group, thus giving rise to 
the hitherl^o unkndwn alcohols.^® Thus, quinotoxine (quinicine) 
and cinchotoxine (cinchonicine) give dihydroquinicinol and dihydro- 
cinchonicinol, respectively. 


N 

/\/\ 








CHR, 


c?) _c!t. 


cu. 


NH 


CK.. 
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CH. 


\/ \/ 
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OH (OH)_OH, 
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On the synthetic side P. Kabe, Kindlcr, and 0. Wagner, in 
continuation of their valuable series of syiitheses in this group, 
have now' synthesised’’ 9-rubatoxanone (l.«), 9-rubanone (II.), 
(Ri=H) and the corresponding O’-metlioxy-derivatives (R=^0Me), 
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*** \y* A. Jacobs and M.Heidelborgor, J. Anicr. Che^i. Soc,, 1922, 44, 1979 t 
J., 1922, 516a. 

J. Amer. Chem. S^c., 1922, 44, 1098 ; J., 1922, 517a. 

« Rer., 1922, 55, 532 ; J., 1922, f67A. 
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It will be nofcced that I. #s, in reality, vinyl-free cinchotoxine 
(R=H) or quinotoxine (R^OMe), and II. ^is v^iyl-ffee cincho- 
iiinone or quininone, and on reductien^of the CO gibup, JI. should 
yield vinyl-free oii^jhona alkaloids containing* two^ asymihetric 
carbon atoms instead of the usua^ four. , 

Quinidine is rapid If establishing 'for itself a place in modern 
cardiac therapy. From a variety of sources^* there are records 
of the restoration to normal rhythm in about 50% of the cases of 
auricular ,fibrUlation treated. T. Lewis and his co- workers^® find 
that quinidiiKi is live to ten times as powhrful as quinine, but that 
liydroquinidine, the chief impurity in commercial quinidine, is 
slightly more active than quinidine itself. , 

# 

Simple Natural Bases and Animal Proluc'^s. 

Of only (uie of the secretions of the ductless glands constituting 
tjie hormonopoetic system, namely adrenaline, can the chemistry 
he said to he satisfactory. Adrenaline has been synthesised and 
the synthetic product is a commercial article and is used extensively 
as a hocmostatic and in asthma. Other bases of v-ompafable 
activity are known, and attempts have been nifide hi Germany 
to ])opulariHe I1.4-di!ivdroxyphenylethanolamine, (HOjaOgHg 
GllOH.f'Ho.NHo. ThyroKin, chu hormone of the thyroid gland, 
has been obtained crystalline by Kendall, but there is some doubt 
in the minds of cheiliists as to its exact formula, and synthetic 
substitutes are coni^letcdy lacking. The hormone of the infundi- 
bular i>ortioi^ of the pituitary gland has not yet been isolated pure, 
d'his is chiefly due to its labile nature and the difficulty of accumu-, 
lating it in quantity. , J. J. Abel and C. A. Kouiller have recently 
claimed that a clean-cut se])aration of the non-specific depressor 
substances from the ])ressor-oxytocic substances can be effected 
by precipitation of the crude extract with mercuric chloride, the 
depressor substnufa'rv. being left in solution. The specific oxytocic 
substance deteriorates on keeping, but the authors claim to have 
b^en able to reprecipitate it without loss of activity, the product 
then being 55 times as active on the guinea-pig’s uterus (oxytocic 
activity) as histamine. On this basis the posterior lobe of the 
hypophysis of the ox would contain only two milligrams of the 
hormone. Contrary to Dudley's findings, the authors adduce 
evidence that the specific vasomptor, oxytcKuc, and renal actions 
are* but the expression of the manifold physiological jiropePtieg of 
one and the same hormone. 

L. C. Wolferth,^t«.cr. Jl Med. Sci., 1921, 162, RliT; W. W. Hamburger 
und'W. S. l^rieat, J. Anier. Med. Assoc.y 1922, 187 ; F. M. Smith, ihid.t 

1922, 78, 877 ; P. D. Vljhite, ibid., 79, 782. 

T. Lewis, A. N. Drury, A. M. Wedd, C. C. llioscu, Heart, 1922, 9 , 207. 

Exp. Ther., 1922, 80, >5. 

^ Ann. Eepta.f 1921, 6 , 523. 
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Of insulin, the hormone of the pancreas, we know practically 
nothing chtmicajly. *its existence has long been postulated, but it 
has been tthe happy lot of^*tvvo young Canadian workers, F. G. 
Banthig and C. H.'Best, to prepare* extracts "'off the piincreas which 
have the pr9perty pf lowering t^he sugar content of the blood of 
normal and diabetic individudli It is supposed that^^insulin is 
an internal secretion of the islets of Langerfians (duotless glands) 
of the pancreas, and that it passes directly into the blood or the 
lymph, whereas the other cells of the pancreas exon^te pancreatic 
juice into ducts. By fractional precipitation of an extract of 
minced ])anereas with alcohol, J. B. Collip, in collaboration with 
these w^orkers, has succeeded in making an active preparation which 
is insoluble 'in alcohol, contains little salts, a trace of protein, and 
no lipoid."^ When given in regulated doses twice daily to diabetic 
individuals, it alleviates the symptf)ms of diabetes and restores 
the patients to more normal conditions.^^ It is, however, too early 
to state whether a cure can be effected through, a stimulation to 
reactivity of the impaired function of tlie islets of Langerhans. 
In dhe course, insulin will doubtless be crystallised, identified, and 
synthesised# Poiisibly improvements will be made upon it which 
will obviate the present cornpltcations of hypodermic injections 
twice daily. As to its mode of actioi^little is known ; it is possibly 
a co-enzyme to the liver enzymes concerned in the storage of glyco- 
gen. An excellent review of the recent developments has been 
given by J. J. R. Macleod.-*^ * 

The past year has witnessed unexpected developments in the 
chemistry of toad venom. H. Wielahd and R. AUes have found®* 
that bufotalin is not the real poisonous principle of the common 
toad; but a nitrogenous substance, bufotoxin, C4oH6a03iN4, which 
on hydrolysis gives bufotalin, CacHgeOfl, which is the acetyl deriva- 
tive of bufotalein, and subcrylarginine, Ci 4 H 280 gN 4 . The latter 
on hydrolysis gives suberic acid and the amino-acid arginine. 
In this connexion it is of interest that Faust many years ago isolated 
two crystalline nitrogenous poisons, samandarine and samandari- 
dine, from the skin of the newt.®’ 

A new aspect of the problem presented by muscarine, the very 
dangerous toxic constituent of the common Fly Agaric, has been 
revealed by some experiments of the writer.® “ It IipaI previously 

“ i Lahomt. Clin. Med., 1922, 7, 251 ; Amer. Chem. 4hst., 1922, 16, 1^80. 

J. J. 11. Maoleod, P. G. Bantinf^, C. H. Best, J. B. Collip, J. Hepburn, 
E. 0. Noble, Amer. Chem. Abs\., 1922, 16, 31 15. 

F. G. Bantingj^C. H. Best, J. B. Collip, B. Ca^upbell, A. A. Fletcher, 
ibid., Kiie: 

^ 26 1922, 2, 833 ; rj. J., 1922, 537e. 

" 1922, 55 , 1 789 ; J., 1 922, fi07A. 

^ Arch. exp. Path. Fharm., J898, 41, 229 ; 1899, 43, 84. 

« H. King, Chem. Soc. Trans., 1^22, 121, 1743 ; J., 1922, 875a. 
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been thought from the early work of Harnack that muscarine 
was the aldehyde, N(CH 3 ) 3 Gl.CH 2 .CH(OH) 2 , ^responding to the 
alcohol choline, but the synthetic ex|»itments of Fisteher^Berliner- 
blau, and others ^tvi]f>lctely fg,ilcd to confirm ‘this. The \fritor 
finds no valid evidence for a relationshij) with^ choline ; rather is 
muscarine a more comjilex base v/iik h molecular weighl above ^500. 
The quantify ,of muscatine in the fresh fungus is very smalh 0*4 ^‘,ram 
in 25 kg., and this coupled witli its other properties renders its 
isolation dHficujt. The chief interest of muscarine lies in its extreme 
s]>ccificity of localisation in the marnmaliafi body, and its complete 
antagonism by atropine. 

C1luc!osii)es and Neutral iTuNuiM.KS. 

In the im})ortant but extremc'ly diflicult group of digitalis there 
is' little to r(q)Oi’t, but a sure step])ing stone to the chemistry of 
tins group is to be found in certain more readily accessible and 
related heart poisons. Jacobs and Heidelberger have lately 
])id)lished the first of a stTies of communications on strophanthin.^® 
Strophanthidin, the geiiin produced by hydrolysis, '‘contrary do the 
work of Win^aus and hv!»rianns, a])pears to have the formula 
It possevsses a double *bond, a lactone group, and an 
alcoholic hydroxyl gr(;up. Digitonin, the chief inert glucoside of 
digitalis, is being investigated by A. Windaus and K. Weil, who 
find that on hydrolysis it, gives digitogeniii — containing three 
hydroxyl grdujis — a hexose, and a jientose.*'*® 

(fiosely allied to the above substances is scillaren, the toxic 
])rinciplc of the squill (Scilla, maritimi), which has been isolated 
hy A. Stoll, and is now on the market.^’ No description of its 
chemical proper! io.'^ or of its method of isolation has, so far as the 
writer has been able to iind, yet appeared. To this group also 
be.Wng the saponins. A. W. van der Haar finds that hederagenin, 
the genin from hederin, the saponin of the ivy, and other sapogenins 
are closely related to the teiqiene hydrocarbons on the one hand, 
and to phytosterol -like substances on the other. There is a 
distinct trend of opinion, based on a variety of evidence, towards 
the view that this group of heart pensons from animal and vegetable 
sources is related to phytosterol, cholesterol, and the polyterjents. 
The time does not seem premature for synthetic experiments on 

J. Biol Chem., iM, 44, ^> 3 . 

““ Z. phyaiol. Chm., 1922, 121. 02 ; J., 1922, 084a. 

Conipare'W. SlmiAj, Dmt. Med, Woch.^ 1922, 24, 793. 

Reti trail, c/t/m., 192J, 40, 542 ; JfVhem. Soc., 1921, i., 877 ; i?cr., 1921, 
54, 3142 ; J, Chem. Soc., 1922, i., 100. 
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glucosides prepared from some of th(fse genins or 'hydroxylactone« 
and various hejcoses'and pentoses witii'a vew to their applicatior 
in cardia/3 thefi^’anv. 


Essential Oils. 

The past year has witnessed an important step forward in th( 
unravelling of the difficulties attending the investigation of th« 
sesquiterpene group. This group lies between the valuable odorifer 
ous terpenes, whose constitution and inter-relationships ffiave beei 
worked out in detail, and the polyterpenes, whose highest membei 
is rubber, and whose- lower members are related to cholesterol, th< 
phytosterols, the biJe acids, resin acids, genins and a great variety o: 
important *hatural products. L. Ruzicka and J. Meyer showed ii 
1921 that the scsquiterx)cne, cadincnc, CjsHgi, from oil of cad( 
and oil oiJuiivperus oxycedrus/w, converted by heating with sulphu 
into cadalene, CijHig, with loss of six hydrogen atoms.^^ Th( 
former author with C. F. Seidel has now synthesised cadalene 
which proves to be 1.6-dimethyl-4-isopropylnaphthalene.®* 


CH, 


CH3 

/\ 

CH 3 CH, 


(an important adjunct in arriving M possible constitutions fo 
sesquiterpenes or derivatives is the, hypothesis of Itheir formatioi 

by polymerisation of isoprenc, : CHg, the branchec 


chain of which limits the possible formulse). The same mode of de 
hydrogenation, namely, heating with sulphur, facilitates the divisioi 
of a number of sesquiterpenes into two groups depending on whethei 
they give cadalene or eudalcne.^® The constitution of the latter 
is not known, but during its formation by dehydrogenatioi 
a methyl group is lost. like cadalene, it is a naphthalene hyfiro 
carbon. To the cadalene class belong calamenenol and its degrada 
tion product calamene, and calamenene, all from oil of calamus 
isozingiberene and zingiberene from oil of ginger, and the sesquiter 
pene alcohol, CigHasO, from Javanese citronella oil, whilst to th< 
eudajene class belong selinene, from oil of celery, and eudesmol anc 
gAdesmene from eucalyptus oil.i The formation of these naphtha 
lene hydrocarbons does not prove the existence of the naphthalem 
nucleus' preformed in the sesquiterpines, ‘hut indicates, rather 


Chim. Acta^ 1921, 4, ^05. 

Ibid., 1922, 6 , 669 ; J., 1922, 483a. 

**L. Ruzicka, JF Meyer, and M! Mingazzini, Helv. Chim.* Acttk, 1922, fi 
345 ; J., 1922, 482 a. 
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the possession of a potential bicyclic structure. Thus, monocyclic 

zingiberene yields oadaleHe. 
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Santonin, CisHi^Os, an irnjioi-tant vermifuge sho^l^s an inter- 
esting relationship to this group in iliat it is a derivative of 1.4- 
dimethyl-6-isoproj)ylnaphthalene, an isomericlo of cadalene. 

Hydroxy aldehydes of the aromatic .scTies or their esters are 
substances of fundamental imp()rtanc(^ in perfumery and its allied 
branches. For the priiparation of vanillin, which finds extensive 
use in confectionery, a novel reaction has b(‘en patented in various 
aspects.^® By heating together a ])henol or a ])heiio? ether, such 
as phenol, anisole, oi sniieylic acid, with formaldehyde and an 
aromatic nitroso-compound, suck as nitrosobenzene, nitrosophenol, 
nitrosodimethylaniline. or nitrosodiethylaniline in methyl or ethyl 
alcohol or even in t/ie absence of a solvent, and saturating con- 
tinuously with hydrogen chloride, an aldebyd(‘ is formed from the 
phenol and ^n amine from* the nitroso compound. The stages of 
the reaction may b(5 represeifted thus in the case of vanillin. 




^NMca+^CHaO 
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OH<^ 
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>CH 


IN'/ /nM< 




HCOOH 

H,0 


*0h/ ^CH:N/ ^NMea I-TIoO Oh/ ^CKO NH^^^^NMea 
OMe OMo “ 

The usual mode of preparation of vanillin is from an ester of 
Lsoeugenol by oxidation with ozone or bichromate. A recent 
Swiss patent carries out the operation with bichromate in presence 
<>f j^-aminobenzo^c acid in 50% sulphuric acid.“’ The choice# of ^the 
most suitable oxidising agent is dependent^on a variety of conditions, 
of which the yield is not least important. A stwjy of the oxidation 
of i« 08 afrplo to pjJeronrfl (heliotrojiin) CHgOg : CeHg.CHO, the 

*® Soc. Chim. des UsineH du Rhone, E.P. 161,679 ; J., 1921, 448a ; E.P, 
164,715; J., 1922, 19'/a; E.P. 160,70.5; J., 1922, 566a. 

W. C. fiievers and L. Givaudan A'Co., Swiss Put. 89,053 ; J . Chem. Soc,, 
1022, i., 38. 

^ 2i 
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basis of cheap soap perfumes, has be^ made by 8. Nagai.*® By 
oxidation ■v4ith bichrcftnate and sulphuric acid a 47% yield was 
obtained, but -vVith potassiu^n* permanganate only 8%. Ozonis^ 
air, c6ntainii^g^2 t6 3-5% of ozone^ however, yvben passed into a 
solution of i^osafrole in dry carbon tetrachloride or other inert 
solvent, gave an ozonidc whiob, on stirriiCg with 35% sodium 
bisulphite solution, gave an 85% yield of thb bisulplv’to* addition 
product of piperonal. 

Coumarin finds an extensive use in perfumery, and Us aa addition 
to snuff. A methylcoumarin can be prepared from m-cresol and 
malic acid in 50% yidd by condensation in presence of sulphuric 
acid.®® The perfume value of methylcoumarin is claimed to be 
equal to that of coumarin, but its taste is slightly less intense than 
that of the natural product. This might be a suitable method of 
utilising malic acid, which is a by-product in the manufacture of 
maple sugar. 


• An^:stiietics and Hypnotics. 

Anmtliei ^. — ^’rom time to time there occurs in the literature of 
anaesthesia the statement that pure ether is unsuitable for anaes- 
thesia or, in a more definite fornif pye ether is not an anaesthetic. 
Within the last few years, two observers, J. H. Cotton in Canada,*® 
and Mackenzie Wallis in this country,*^ have* definitely stated that 
pure ether is not an anaesthetic. A perusal however, of their 
papers shows that the evidence adduced in support pf their claim 
is very sbght. Cotton ascribed the 6,naeBthet^c action to dissolved 
carbon dioxide or ethylene, and as a result pf his experiments put 
on the market an ether containing ethylene 2°^ by volume, carbon 
dioxide J% by volume, and ethyl alcohol 1% by weight. Wallifl, 
in a more lengthy communication, ascribes the anaesthetic properties 
to ketones, “ middle members of the series,” and accordingly intro- 
duced the commercial preparation “ ethanesal.” R. L. Stehle and 
W. Bourne have recently*^ examined the anaesthetic properties^ of 
ether prepared by the interaction of sodium ethoxide and ethyl 
iodide. 1'hey state that such ether has in the highest degree the 
anaesthetic properties which are usually a;ttributed to it. The 
claim by these latter authors that such ether is free from the con- 
stituents which have been claimed as the real anaesthetic agents of 
or^indry ether is probably true as regards ketones and calbon 

•t ' f 

« J. Ghem. Ind. Japan\ 1922, 26, 631 ; J., 1922, 835a ; J. Coll. Xng., 
Tokyo, 1921, 11, 83 1921, 903a. I „ • 

»• G, C. Bailey and P. Boettner, J, Ind. Eng. Chem., 1921,*12,. .905 ; 
Chem. Eoc., 1921, i., 879. 

Cm. Med. Assoc., 1917, 7, 769. 

" Lancet, 1921, i.^inu. •* 

“ J, Amer. Med. Assoc., 1922, 7/), 376. 
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dioxide, but seems doubtfi^l in respect of dissolved, ethylene or 
ethane. ' 

Of greater scientific value and interest are solne oi)servation8 
on the possibihtji ©f 'the use lof pure acetylenh as ^n anselthetic. 
Nitrous oxide as a general anaBstJietic in comt)inatio^ with oxygen 
is incapable of producing a deep atifesthesia, owing to the fact that 
the partial 4 >ressure t)f nitrous oxide necessary for deep enPGochesia 
cannot be obtained (except under a total increased pressure of the 
system ^itrons oxide plus oxygen), owing to the necessity of 
keeping up the partial pressure of o^Lygen. According to H. 
Wieland, acetylene overcomes this difliQulty, the anaesthesia 
producible by a given partial pressure of acetylene being greater 
than that by an equal partial pressure of nitrous oxMe.^* Apart 
from Wieland’s experiments on animals and a few on liimself, no 
record of clinical trials appears to have been published. The purifi- 
eation of acetylene for anaesthesia is the subject-matter of a patent 
by Wieland and Boehringer.^* 

Among local anaesthetics no entirely novel type can be recorded 
during the past year, the developments being rather along* well- 
known themes. Butyn, NH2.CeH4.C02(CH2)3-N(C4M9)2, , is an 
extension oi the novooaine type, and was briefly mentioned last 
year. ^ Some clinical reports ^ " of its use arc favourable, but require 
to be substantiated by long practice. It can replace cocaine, 
having a quicker action and producing a more profound result with 
less material ; it is*stable and does not dilate the pupil. Whether 
it has the ^undesirable prTiperties of cocaine is not known. 
Fourneau and J. Puyal have^repared homologues of novocaine and 
allied bases starting from propylene, butylene, and amylene.**’ 
U'hese were converted into bromohydrins, which react with dimethyl 
amine or diothylamine, with production of amino- alcohols which 
can be benzoylated. The hydrochlorides of ^-aminobenzoyldi- 
ethylaminopropencb (I.), and ^-amiiiobenzoyldiethylaminobutanol 
(II.), have a stronger anaesthetic action than novocaine, whilst the 

•NHa-C.Hi-COo-CHCHjNiCJgHfila NH2C6H4-C02*CH-CHN(C2H5)2 

CH3 CH3CH3 

I. II. 

hydrochloride of p-aminobenzoyldimethylaminodimethylethylcar 
binoi, NH 2 .CeH 4 C 02 ‘C(Me)(Et).gH 2 .N(CH 3 ) 2 , has a very intense 
aiftbsthetic actiqp. Belonging to the same group are the aniest^etio 

« AM. exp. Path. Pharm., 1921, 92, 96. 

Appl. 20;2il,o£ *922; J., 1922, 650 a. 

' « Ann. Repts., 1921, 6, 636. • 

W. M. Beaumont, Lancet, 1922, 2, 304 ; Bnt. Med. J., 1923, i., 67 j 
Brit. J. Ophth., 1922, 316. A. K. Bulson, J. Amer. Med. Assoc., 1922, 78, 343, 
431. 
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substances obtained by combination oi benzyl alcohol,*® 7 «dibutyl- 
aminopropyl,*® y»diallylaminopropyl, or j&-diallylaminoethyl®® alco- 
hols with j^-nitrobenzoyl chl^Mdo and subsequent reduction of the 
nitro-group. r , ^ ' ' fc ' 

Of an aberi;ant type are the loc/il anscsthetics derived from ethyl 
acetoacetato or its derivatives by combination of its sodium salt 
with j8-dimethylamino-a-chlorocthane or jS-diethylamiY.o-a-chloro- 
ethanc, reduction of the ketonic ester formed and subsequent 
benzoylation. Ethyl a-diethylarninoethyl-jS-benzoxj^jutyrate (I.) 
produced in this way is said to possess valuable anaesthetic properties. 
CHa-CO CHa-COaEt Cna CO CH COaEt CHa CHOBz CH COaEt 

ClCHa-CHa'HJEtja ^ CHa'CHj-NCEt)* 

By combination of ethylene oxide with ethyl p-aminobenzoate 
(anaesthesin), J. Landrivon and J. Altwegg have prepared mono- 
and di-substitution derivatives, Avhich are claimed as suitable for 
use as local anicsthetics in dentistry. 

OHzOH-CIla-NlICeTT.-COsKi ((;H20HCH2)2N-C6H4-C()8Et 

The amidine type of anaesthetic represented by holocaine (I.) is, 
as is well known, produced by' condensation of phepetidine and 
phcnacctin. A recent patent covers the corresponding allyl 
ether (II.), and its use is indicated in optithalmological practice. 

CHa-C'NH-CeFTi-OEt CHaCNHCoBiOClIa-CTnCHg 

' II II ' t 

Nt^oH^OEt N-,C„H4()-CH2CH:CH8 

1. ib , 

Hypnotics. — A. W. Box and L. Yoder ha^ve prepared a large 
number of hypnotics of the barbituric acid type, in which the 
benzyl group, secondary alkyl groups, and butyl groups are essential 
features.^* In the benzyl derivatives the antispasmodic action 
seen in some benzyl derivatives was absent and the hypnotic 
effect was accompanied by tetanic symptoms. Ethylbutylbarbi- 
turic acid, 

aHj. /CO-NH. 

>0 

CJf/ ''CO-NH/ 

has also been examined by P. Carnot and Tiffeneau and a 
comparison made with other unsymmetrical disubstituted barbituric 

Ges. fiir Chem. Ind. in Basol, Swiss Pat. UO,r>87 ; J. Chem. Soc.^ 1922, 

i., 

• O. Kamm and R. Adams, Can. Pat. 217,486 ; J. Chem. Soc.^ 1922, L, 
828. , 

0. Kamm and E. H. Volwiler, U.S.P. l,318,r)73- u J„ 1922, Sf/A. 

^^Farbw. vorm. Meis^er, Lucius u. Bruning, E.P. 161,639 ; J., 1922, 
620 a ; E.P. 167,781; J., 1922, 877a ; E.P. 169,185; J.,, 1922, 997a. 

“ U.S.P. 1,418,900 ; J.. 1922, 567a 

Soc. Chem. Ind.^m Basle, U.S.l^ 1,384,637 ; 1922, 620 a*. 

J. Amor, Chem. Soc., 1922, 44,fll41 ; J., 1922, 618a. 
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acids.®® Referred to vero»al (diethylbarbituric acid) as 10, the 
h 3 rpnotic powers were ds follows, mcthylSthylbarbitUrio acid 5, 
cthylpropyl- 20, ethylbutyl- 30, ethylftobutyl- 30, fithylieoamyl- 30, 
and ethylheptyl-* ^5.* On mKe ethylbutylbarbituriy acid fs more 
toxic than veronal. , , , 

Nirva^ol (T.), the ^est known di^pnotic of the hydantoin type, 
has been synthesised by W. T. Read,®® starting from pbenylethyl- 
ketone, which combines with ammonia and hydrocyatiic acid, 
yiclt!mg« phtinylethylaminoacctonitrile, C^.O(Et){rh)NH 2 . This 
is then caused to react with potassium cyanate, the nitrile of phenyl- 
(^thylhydantoic acid formed undergoing inlit^rnal condensation on 
boiling with hydrochloric acid : • 

VA,. roNIl* 

CN-C(t-:t)(rii)-NiT-c()-Nir, . \c:' i 

J’lr .NHCO 

I. 


Tw^o ^fpi'rohydantoins have b(‘(‘n })rc‘parcd by *1. F. 'J'horpe, C. K. 
Ingold, and S. Sako,®^ but their hypnotic j>roperties are not recorded. 


I >c/ I (;n/ ;c.c I* 

gH/ \NH-CO Hm/ \NK-00 


A related spiro-coni\)o\x\Ki obtained by condensation of 
rlichloro-cther with ^jiialonic csR^r and subsequent condensation 
with urea was, however, inactive.®® 

(^h.k:!T.,s (H)Nlf., 

()( \ >co 

'CHaCH/ CONK" 

A sulphur analogA^ diethylrlKKlanine, 

Et. ,C()NH 
- CS 

of the new type of hypnotic described in lajst year’s report has 
a«narcotic action somewhat greater than veronal. Owing to its 
low solubility in water and its non-absorption w^hen given by 
mouth, it has no practical value.®® 


SWEETENINO A(}ENTS. 

Out of the v^st array of data that has been amassed iPn the 
relation between chemical constitution^ and physiological action 
there ar^ but one or two generalisations of valine, and these must 

Oonfytea reitd., 1922, 175, 241 ; 1922, 68.1*^. 

J. Amer. Chem.^oc., 1922, 44, 1746 ; J., 1922, 783a. 

Chem. I^oc. Traris., 1922, 121, 1177. 

6. Kanm and J. H. Waldo, Chem. Abst, 1922, 16, 408. 

“ J., 1922, 916a. 
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be applied with caution. The first is etjiat similarity of molecular 
build, arrangement, or structure, and hence similarity of localisation 
in the living tissues, determiSti 6 d similarity of physiological action. 
The second, th^ corollary of the first' is that complete ' dissimilarity 
of molecular c build fdoes not necessarily preclude similarity of 
physiological action. It is a ‘fairly easy m^^tter to demonstrate 
the application of these generalisations in a variety of piiy Biological 
effects, e.gf., odour, narcotic action, blood pressure, antiseptic 
power, etc. * 

Sweetness is a physiological property which is readily examined 
and conforms to the»D generalisations. A number of interesting 
substances have been prepared with a view to improvements on 
the known ^sweetening materials, with, however, little success. 
C. Speckan has chosen the dulcin group for variation.*® Dulcin 
has the formula NH2.CO.NH.CeH4.OEt, is intensely sweet, and the 
sweetness is retained in NH2.C0.NH.C6H4.0CH2.CH2Br, and to a 
slight extent in NH2.C0.NH.CflH4.0.C0CeH5. Replacement of 
the bromine atom by basic groups gave tasteless substances, as 
did replacement of the end methyl group in dulcin by the acetyl or 
benzoyl grdbp. ^Similarly substitution of the whole ethyl group in 
dulcin by -COOEt or -CONPlTa gave tasteless substances. In 
jS-hydroxypropyl-p-carbamidophenyl^ ether, NH2.CO.NH.C6H4.O. 
CHa.CH.CHj-OH, however, a faint sweet taste was noticeable. P. 
Hermann has likewise devoted some attention to variation of the 
dulcin molecule without, however, producing hny new sweetening 
agents.*^ c 

A group of sweet substances whicH excite the attention are the 
cyclic imide- ethers of diglycollic acid described by M. Sido.** 
Diglycolliraide, 

/CHgCOv 
0< >NH 

^CHa-CO/ 

is tasteless, but its N- alkyl derivatives increase in sweetness from 
methyl to propyl, its N-aryl are almost tasteless, and 
wobutylimidc bitter. R. Anschutz and S. Jaeger have also 
prepared some N-arylimides of the same substance with similar 
results.®^ 

The modifications of saccharin. 


are many; Unlike diglycoUimide, the parent* i^bstance is syveefi- 'its 

w jPer. deVfts. Pharm. Oes., 1922, 82, 83 ; J., 1922, i34A. 

' « Annalen, 1922, 429, 163 ; J., Ift22, 915a. 

“ Ben devie, Pharlk. Oes., 1921, 81, 118 ; J., 1921, 367a. 

Ben. 1922, 66. 670 ; J, ChemfSoc., 1922. i.. 428. 
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N -alkyl derivatives 
saccharins 


are 


devoid of sweetness. Four naphtha- 


SO,- 

■,/\cd 


• NH 

/\* 

NH * CO-^ 

/ir\/\s^a >mL 

x/W. \/\/®"’ 

have been prepared by H. P. Kaufmann and H. Zobel, but they 
have alle prdnounced bitter taste.** 

Benzenediaulphoniniide, 


CO SOa 

•(X) 


CeH, 




>NH 


‘\so/ 

has a sweet and acid taste, followed by a bit der taste.** 
7)-Chlorosaccharin«* has a bitter sweet taste, whilst *^-^hloro. 
mccharin has a sweet taste,*’ with an intense and persistent bitter 
after-taste. b-Chlorosaccharin is more than one-half as sweet as 
saccharin, but has a somewhat astringent taste.** ^ 

Much attention is still being devoted to the oxiuation of o- 
toluenesulphonamide, CH^-CcH 4.8O2NH2 to st*cchaftn. *A. 
Pamfilow oiidised the sodium salt of the amide with 2 4 molecules 
of potassium permanganate for* 6 hrs. at 60°, and claims an 80 /o 
Yield of saccharin.** Others carry out the oxidation with chromic 
acid in 50% sulphuric acid’* below 75°, or in 35% sulphuric acid or 
stronger in the presence of iron, chromium, or manganese salts. 
Electrochemical methods were patented early in the development 
of saccharin, and a variant lias recently been described wherry a 
75^/' yield of saccharin is obtained by anodic oxidation at 00 m 
2N solution of sodium carbonate, with a current of 12 volts and a 
density of 0-04 amp. per sq. cm.’* The cell is fitted with a platinum 
gauze anode and a rotating lead cathode. 

Pungent Principles and Dermatitants. 

The pungent principle of capsicum or cayenne pepper was 
in 1919 by A. Lapworth and F. A. Uoyle," and more especially by 

“Ber., 1922. 65, 1499 ; J-. 1922 - ,,q,„ko 7 . 

A. F, Holleraan, Rer. Trav. Chim., 1921 . 40, 446 : J., 19-1, 6-7a. 

Frftnkel, “ Arzneimittelsynthegc,” 4th «1., p. 147. 

J. H. Gervfr, Amer. Ghent. Ahst., 1922, 16, 

“ W. Davis, Chem. Soc. !rran^f.,Jl921, 119, 876. 

'*’M;nSocikWk»,lJ.S.P. 1,306^1 '> J'’ 26 a; E.P. 

^ ’USo5. Chim. dos TJ sines du Khone, E.P. Ii63,520, J., 192 , 

'®®’t’?i'^Lewe?R^X74,913. J., 1922. 686a. F. Fichter and H. Wwe, 
fieJu.<7Atn». Acta, 1922, 6, 60 ; J., 1980, 195a. 

’• T., 1919, 843a, 



504 


BEPORTS OF THE PBOaRESS QV APPLIED CHEM18TBY. 


'E. K. Nelson,’^ to be the vanillylamirle of an unsaturated acid, 
decenoic acki, wi|h a branched side-chaiii, 

' ... 


OH<' ^CHa-NH-CO-CjHi/ r, 
^OMe 


Later in the same year Nelson prepared a series of amides from 
vanillylamine and various acid chlorides.’^ The amides of fatty 
acids lower than ?i-hexoic acid had little or no pungen^.y, but above 
this the pungency increaf^^^d rapidly to a maximum at the nono- 
amide, and then fell off with higher members. An interesting 
extension of this work* has been made by E. Ott and K. Zimmer- 
mann,’® who confirm'the observ.ation that acids with nine, ten, or 
eleven carbon atoms produce the most pungent amides. The pun- 
gency is, moreover, not dependent to any extent on the position 
of an unsaturated linkage in the acid, although the presence of 
such a linkage is necessary for producing pungency in the higher 
members, '^llius the pure vanillylamide of stearic acid is tasteless, 
whilsf that of oleic acid is intensely pungent. By modifying the 
amine it is shown that the presence and orientation of the m ethoxy 
group ttnd of the hydroxyl group are essential features ; the 
amine must be of an aliphatic type. 

It is not without significance thatspffanthol, the pungent principle 
of Para cress, is also an amide of an unsaturtited fatty acid. Y. 
Asahina and M. Asano” have nxluced spilanthol* to hydrospilanthol, 
which is proved by hydrolysis and synthesis to be the ?’«sobutylamide 
of decoic acid. Hpilanthol is therefere the isobutyfamide of a 
decenoic acid, (CHgjaCH.CJHj.NH.CO.CaH,,, afid it is of interest 
in this connexion that Thoms and Thu men’" isolated the L^Jobutyl- 
amide of piperonylacrylic acid, : CeH^.CH : CH.CO.NH. 

CH2.CHMe2, from Fagara xanthoxyhides, and J. A. Goodson found 
it in Xanthoxylum inacrophyllumP^ 


Piperin, CBfi , : : CH.CH : OH.OO.NH.C\Hi„, the piper- 

idine amide of piperic acid, may occur to the extent of several 
cent, in black pepper, but is not the true pungent principle, E. Ott 
and F. Eichler now claim to have isolated the active principle 
chavicin, from pepper resin, as a viscous liquid, which, on hydro- 
lysis yields i«ochavicic acid, an isomeride of piperic acid, and 
piperidine.®® Both Mochavicic ac^d and piperic acid are reducible 
to the 4 ame tetrahydropiperic acid. To the reviewer’s mind flie 

1919, fir)4A ; 1920, 348 a. 

’5 J. Amer. ChemA'ioc., 1919, 41, 2121 ; U.SC*. 1,3£9^272, J., 19J0, 76'4a. 

Anrmlen, 1911, 426, 3\4 ; J., 1922, 77a. 

w J. Phurw,. /Soc. Japan, 1922, 85 ; J. Ghem. Son., im, i., 605. 

1911, 44, 3717 ; J. Ghem. kSoc., 1912, i., 115. 

^* Bwchem. J., 1921, 16, 123 ; J. GHem, Soc,, 1921, i., 265. 

Ber., 1922, 66, 2653 ; J., 1922, ^14a. 
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evidence of the homogeneity of isochavicic^ acid is not all that 
could be desired. 

Certain trees, or extracts therefrdlin, are known to |)rodjice a 
painful skin discfft^ in suscejTtible persons. The ^constituent of 
Japanese lac responsive for this is urushiol, catechol derivative 
with an uiisaturated |ido chain of 'fifteen carbon atoms. 



^ V.tl29 


Experiments on cuiteehol derivatives sliow fhat the irritating 
action increases with increasing length of the side chaii*, but is not 
aj)preciably affeeded by its ])osition. Lohinol, die d^Tmatitant 
of the Poison oak, ap])ears to lie closely r(‘lat(‘d, as it contains the 
catechol nucleus and is unsaturatiHl.”- 


AnTISKI’TK'S. 

To the investigator in chemotherapy then* are <iver jjresent two 
very formidajilo barriers. Tiie first is the lack of knowleflge as 
to the mechanism of the actiwu of a drug, the second, the absence of 
• information as to the distribution of rc'sidual affinity in tlu*. drug, 
and it is this distribution of residual affinity which determines the 
selective distributior>f of the drug in the living tissues. The former 
hinders the pharmacologist m the (jorrect expi'rimental testing of a 
scries of drugS, whilst the latt#r jirevents the chemist from devising 
the most elheacious substanci^, the only alternative at present 
])eing the almost haphazard synthesis of num(*rous new chemical 
individuals. The no small success which has been obtained by the 
present methods in various groups of chmnotherapeutic substances, 
has startc‘d in each ease from some initial observation which has 
given a lead. We owe Ehrlich and Hata's salvai'san to the obser- 
vations of Thomas and Breinl, and later of Dhlenhuth and co- 
wfJkers on the trypanocidal and spirillicidal action of atoxyl, 
and Bayer 205 to Ehrlich and Shiga’s discovery of the trypanocidal 
action of trypan red. At the present time many such clues, both 
among organo-metaltic compounds and non-metallic organic 
ctanpounds, are being assiduously followed up by numerous investi- 
gatoia. Success has, so far, only attended the treatment of ggneral- 
isod infections due to protozoal and ^spirochaetal organisrf^fi ; 
generalised bacterial infections cannot at present be checked, 
although localised h*n!terial infections respond f ^ourably in spme 
cases to*irrigation with suitable antiseptics. 

« R. Majima, Rcr., 1922, 66, 191 ; Chem. ,Soc., 1922, i., 205. 

JT. B. ]\facnair, Atncr^ Chctti^ iSoc.t 1921, 48, 159 ; J. Chetn. Soc.^ 1921i 

i., 387, 
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OrG(VNO-MeTALLIC Oo]M[POUNDS. 

Gold Compounds . — Tuberdajosis is a prominent instance of a 
disea^ which does'not respond to s^rum theiapy^ Attention must 
therefore be paid to other possible curative agents. The possibility 
of utilising gold compounds as^cjurative agents started from Koch’s 
discovery of the inhibitory action of gold ‘‘cyanide ^oil' tubercle 
bacilli at a dilution of 1 in 2,000,000. The presence of serum, 
however, diminishes its potency. Various addition ^compounds of 
gold cyanide, chloride, oi. thiocyanate with organic bases such as 
hexamethylenetetramine, piperazine, cantharidine in combination 
with cthylenediamine, choline and hexamethylenetetramine quater- 
nary salts have been protectfid from time to time, with a view to 
their use in tuberculosis.®® Their application, however, has met 
with little success. In German medical literature frequent reference 
is made to krysolgan, which is reported on favourably for the 
treatment of tuberculosis in man.®^ Krysolgan was introduced 
by A. Feldt,®® and is described by him as the sodium salt of a 
complex 4-amino-2-aurophenol-l-carboxylic acid. It contains 60% 
of gold, inhibits the growth of tubercle bacilli at a dilution of 
1 in 1^000,000, and gives a neuk*al solution. The sa^t is marketed 
by the Farbewerkc vorm. Meistei;, Lucius, und Briining, who have 
covered by patent some allied Abstances. By treatment of 
mercaptobenzenes with double gold chlorides Huromercaptobenzenes 
are formed. The sodium salts of 4-amino*2-a^jromercaptobenzene- 
1 -carboxylic acid,®® (L), and of aurothiosalicylic acid ®’ (II.), arc 
specially mentioned, « ^ 


COaNa 
/N S Au 

\/ 

NHa 

1 . 


COjNa 
Au 




. 11 . 


whilst salts of organic bases, e,g., ethylenediamine, with aurothio- 
sulphuric acid have been protected as therapeutic agents in tulfer- 
culosis and syphilis.®® 

No detailed reference need be made here to the addition com- 
pounds of arsenicals with gold chloride, as^'they are well known. 
The Bayer firm have recently protected the addition products of 
gold ^hloride with compounds* of the Methylene Blue groj^p.** 

. 83 G.P. 284,234, 284,260* 269, 661, « 276, 134, 276,135, 284,269. 

E. Levy, D&iU. wed. Woch.f 1922, 48, 223. 

iTerZ. klin. Woch., 1917, 1113 ; 1918, 2f9, 911 ji c/. Milnch/med, 

192 ), 1600 ; LcmceU 1922,* 1, 396. 

« ' »• U.S.P. 1,207,284 ; J., 1917, 163. 

^ 157,226; J., 1922, 347a. 

’ 1869 of 1944; d., 1914, V06. 

«• G.P. 347,376; J., 1922. 6224,. 
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The products are stated to, fee strongly anti^ptio against tubercle 
bacilU, gonococci, and spfrochaetes. 

Mercury Compounds. — The powerful antisept jc action* of certain 
inorganic mercury* (impounds Is undoubtedly due i^ the first place 
to the mercuric ion. The mercuric ion cannot, *however, be the sole 
factor determining ^jSe antiseptic^ properties of organic mercury 
compounds.* In a previous report reference was made U. mercuro- 
chrome-220 (I.), a mercury compound of dibromofluorescein. 
Further expePience®* shows that it is a p^owerful germicide against 
gonococcus, this bacillus being forty times as susceptible as B. coU. 
It is said to be of value in cystitis, and as a general surgical dressing. 
An allied compound, flumorin (11.), is tlie sodium salt of hydroxy- 
mercurifluorescein.®“ It has been tried intraverousl/ as an anti- 
syphilitic, but is decidedly inferior to the salvarsans. It is said 
to eradicate experimental syphilis in the rabbit, and to have proved 


wf value in syphilis in man. 


HOHg 

HOHg 

1 

ONa/ 

ONa(/Y''YV 


* j 1 ^ 

\/\c/\/ 

CeH^-CO^N.* 

• CeH^COaNa 

I. 

II. 


The growth-inhil^ting properties of a series of organo- mercuric 
compounds on tubercle bacilli have been determined by L. M. 
l)e Witt.®® ^The compou»ids^examincHi include mercury derivatives 
of phenol, nitro- and nitroso-phenol, and saligenin, of aniline, 
nitroanilines, methyl* and ethyl derivatives of aniline and nitro- 
anilines. The interesting observation was made that many of 
these substances exceed phenol or mercuric chloride in potency. 
Those of the highest inhibitory power are to be tested later, in order 
to determine their bactericidal and therapeutic efficiency. T. A. 
Henry and T. M, Sharp have described mercury derivatives of the 
rSactive ortho-, rmta-, and pam-hydroxybenzaldehydes.®* The 
ortho and meta compounds were the strongest bactericides when 
tested on B. typhosus. 

Bisrhuth, Yanadidm, Niobium, and Other Compounds. — Some 
Ijreliminary results in the treatment of syphilis by sodium potassium 
bisiDluthotartrate were noted irf last year’s report.®* Tl^e work 

»» Ann. Repts., 1920, 5, 603, 

^ ^ Swartz, D. M. Davis, J. Amer. mm. asboc.^ iwzi, /o, ; n.. ji. 

White, B. O SwArtz, ibid., 1921, 77, 93. 

®®ft. C. White, J. H. Hill, J. E. Moore, H. H. Young, J. Amer. Med, 
4«*oc.**|922, 79 , 877. • 

»* y. Irdec. Die., 1922, 80, 363. . 

^fOKem. Soc. Trans., 1922, 121, 1056. 

•® Ann, Bepts., 1921, 6, 632. 
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has been carried several stages furtheiL fluring the past year. Other 
complex bismuth compounds such as ai^nmonium bismuth citrate, 
sodiu^ bismuth lactate, soaiiti’m bismuth sub-gallate, and bismuth 
oxyiodogallate, have been tried by<R. Sazcracf ind C. Levaditi on 
experimental syphilis in the rabbit, the conclusion being drawn 
that a large number of bismiil^i compound's, have a mgire or less 
energetic antisyphilitic action, but that, so tar, sodium potassium 
bismutho-tartrate is best.®® It is superior to mercury and ap- 
proaches the salvarsans in value. In addition it has*lhe advantage 
of stability. It cannot, however, be given intravenously with 
safety. L. Ouenot ».id L. Fournier have tried it on 200 human 
cases without untoward accident.®’ On trypanosomiasis in mice 
and guinea-'pigs it was not found curative,®*^ although it caused 
the disappearance of Trypaywmma brncei in mice.”® 

Vanadium, niobium, and tantalum o(*cur in the same group of 
the periodic law as arsenic, antimony, and bismuth. It is therefore 
not surprising to lind that the complex vanado-Urtrates of sodium 
or potassium have effected cures in syphilitic rabbits. In man the 
results were also favourable, although not so good as with arsenic 
or bisnuth* combounds.^®® This work extends the original obser- 
vations of Prdschcr, 8eil, and 8tillians, who in 1917* first demon- 
strated the antisyphilitic action •of^vanadium.’®^ Compounds of 
niobium and tantalum proved void of antisyphilitie action. Niobium * 
and rhodium were also without beneficial action on mice infected 
with Trypanosomi brucei}*^“ 

Dyas . — Thanks to the work of numerous investig^'tors there is 
ample experimental evidence fo show' that, many dyes have a 
powerful bactericidal action. For the treatment of generalised 
bacterial infections this is by no means sufficient. The ideal anti- 
septic or chemotherapeutic agent is one which possesses, in vivo, 
a bactericidal action and is compatible with the forces necessary 
to the host’s defence. In doses non-lethal to the host it should 
therefore exert a negligible action on phagocytes or stimulate them 
to activity. Failure to realise these essentials is one cause of the 
lack of success which has attended attempts to cure diseases due 
to generalised bacterial infections on the basis of the bactericidal 
action of dyes, observed, in vitro, in aqueous folution. . ^ 

An account of a praiseworthy attempt to cope with the numerous 
factors concerned in evaluating /in antiseptic for internal use^has 

t 

' « Ann. Inst. Pasteur, 36, 1. 

Ibid., 1922, 36. 14. 

»» S. Adler, Anrf. Trop. Med. Parasit., 192», 15, 43f 

®® A. Frouinaiid M. Guillauraie, Compter rend. Soc. Biol., I92l\ 406, ' 

10“ L. Fournier, C. Levaditi, and A. Schwartz, Ct'mptes rend. Soc. 
l'922,87, 23. 

loiAmer.J.Syp., ¥917,2,347. '' 

102 A. Frouin and M. Guillaumicf Oompfes rend. Soc. Biol., 1921, 1(66. 
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been published in Americgnby L. D. Felton jnd K. M. Dougherty, 
who have determined the 'organotropic, bacteriot»opic,*and leuco- 
cytotropic action of a^ number of dyes and cinchona deriyatives. 
The organotropic 'action was •measured by tlie ipaximum* dose 
tolerated by mice, th^e bacteriotionic action iby the^ bactericidal 
action ori^taphylococ^us aur&ws in Whole blood, and the leucocyto- 
tropic actioif by the inhibition of phagocytic action towaida rtaphy- 
lococci in serum. As a rule, in the triphcnylmethanc bases, in 
safraninesS, plfenaziiios, quinoncs, and tlie cinchona group the 
deleterious action of the drug was greater on the leucocyte than 
on the bacteria or on the host. In an hi wt;o*experiinent therefore 
an interference with the host’s natural deferitive forces might be 
expected. p-M ethoxy malachite Green, Kthyl Violet, jind Proflavine 
{ijiproached the condition where a toh'rated dose for mice was 
staphylotropic but not leucocytotropic. The account promised 
later, of the influence of thesis drugs on an t'X])erimental pneumo- 
(U)ccus infection in mice will be looked forward to with interest. 

The bactericidal action on fourteen strains of bacteria, in broth, 
of about 80 coal-tar dyestuffs has been determined by T. H. Fair- 
brother and A. Renshaw in an attem])t to cofrelaL% chemical 
constitution dnd bactericic!nl action.’®* In general they find, like 
other observers, that arnino-growps are important factors in the 
development of antiseptic action, but their effect may be diminished 
or annulled by the i)rescnce in the molecule of groups such as nitro, 
carboxyl, sulphonyl, or naphthylamino or by a loading of the 
amino-groups# by alkyl substituents. The lethal dose of about 
40 dyes was also determ ineef on parannecia as representative of 
protozoa. The scdective action, however, of a series of cornpounds 
for various organisms is a well-known phenon)en()n and ])rocludes 
the application of results obtaiiuxl with jiarannecia to other ]>rotozoa. 
A striking instance of this selective action was recently recorded 
l)y J. B. Cohen, C. 'H. Browning, and R. Gulbransen, who, in 
addition to the discovery of the jiowerful antiseptic action of the 
c}1lniiie dyes, Sensitol Red, Green, and Violet — used commercially 
as photographic sensitisers — found'”® that the ratio of the lethal 
concentration of Sensitol Rtnl for B. coll and tSiaphylococcus aureus 
was probably greater •than 2000 : 1. 

J. Exp. Med., 1*922, 36 , m. 

J., 1922, 13r)T. 

Brit. Med. J* 1922, 1 , 514 ; Nahire, 1922, 109 , 750. 



510 


PTJOTOGRAPHY. 

By II/.YMOND E. Ceowther, A.I.C. 

The photojfraphic industry, in common with most of the other 
industries which come within the purview of these reports, has 
continued to feel the “ slump ” effects of after- war fatigue and 
readjustment during the past year. A review of the situation, 
however, cannot fail to awaken surprise that in this branch of 
industry, which hitlierto has been regarded by the majority of the 
community as a pure luxury trade— it is even so classified by the 
Grerman Gj^vernment — the slump conditions have been so lightly 
felt ill this country. One can conclude from this fortunate circum- 
stance that photography has filled^ a gap in the aesthctical life of the 
“ average ” man and that, apart Altogether from the enormous 
powers it places in the hands of the piono3rs of modern science, 
whose discoveries will in all probability be Tita^ factors of communal 
life in the not far distant future, it is ooming to be recognised as an 
educational necessity. This could not have been so if the apparatus 
and materials incidental to the art or scieneb of photography had 
not already attained a uniformity of qualitj^, and maintained it in 
such a measure as warrants the production of successful results 
- with little wastage. 

Nor is it only in the peaceful existence of a community that 
photography has come to be regarded as a non-luxury : all the 
unfortunate participants in the late European catastrophy apprised 
it at its true value, and it is consequently regarded by sevSral 
Governments as a “ key ” industry, the fostering and protection of 
which is a matter of national import. 

The impetus given to the industry in Germany, where the rapid 
decrease in the international value of the currency has enabled 
extraordinarily low costs of production to be maintained, has-been 
‘ «w*8erious menace to hojne manufacturers, who in May and 
made complaint^ before a committee of the Board of Tr«^e^ wi^i * 
view to -securing an inpreased measure df prots^^tion. , ^ ^ 

, WMst the existing import duties on practically all the 
‘ and inaterial used in photography are not efeective in 
# * •* 

, 1 BrU, J. Phot., 1922, 69 * 298, 342, 371. 
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their importation and subsfftuent sale at competitive prices, it is 
doubtful whether an incr^se would allow of a gieatei* margin of 
profit per article or a* greater aggregate^f profit per Annum to home 
manufacturers for^with a disciplined working community sifch as 
exists in Germany, the currency *could be fm;ther depreciated, if 
necessary^ with a conlequent repetition of the “complaint.” 

That the home photographic industry must be retained caimot 
be gainsaid, but the problem of its retention is undoubtedly an . 
involved * 0116 ,* which cannot be completqjy solved by tariff regu- 
lations and in which one of the most important factors is the less 
expensive existence of the German producer? 

The adoption of a pessimistic view, howfever, would be un- 
warranted for, on the one hand, the home-producv d materials, and 
particularly the sensitive materials, maintain unimpaired the high 
standard of quality for which they have bcet\ justly renowned and 
are in steady demand on such of the world’s mai kets as are open to 
competition ; and, on the other hand, an increasing amount of 
valuable research is being undertaken which is bound to Ijp of 
importance in the near future. This latter asset is y’obably of 
greater moment than would at first sight appear. (5n the Continent, 
the effect ot* the financial topsy-turvydom is felt most by that 
section of the community from "which the scientific workers are 
recruited, and all eff^irts to maintain the former level of scientific 
education are proA^ng insufficient to cope with the situation. 
In Austria, the general depression is evinced by the disappearance 
from circul^ion of the yell-known journal Photographische 
Korrespondenz. 

In Germany also \he substitution of a fortnightly issue of 
Photographische Industrie for the former weekly issue is the straw 
which indicates the direction of drift. 

In Switzerland however, the appearance of a new monthly 
magazine, Camera, is to be noted. The publication of this maga- 
zine, in which contributions by such workers of note as Liippo- 
Cramer, Konig, etc., occur, serves to indicate that countries with 
normal currency are likely to command the best brains of Europe — 
a truism which in t^je light of recent advances in the exchange 
value of English currency should afford our industrial leaders a 
considerable amount of satisfaction. The publication in abridged 
forili of the Corpmunications which have been made during ^he 
years 1919-1920 by the Eastman •Researesh Laboratories to various 
societies jind journals, and the proposed issue as^ separate volume 
of Spieiyce^ Technique H Industrie PhotograpHque, published hitherto 
as a supplement to the Revue Frangaise de Photographic, in that 
they serve to indicate the demand for scientific photographic 
literatfte, Are worthy of mention. * 
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t ^ • KiNEMATOGRAtliTY. 

During* the f)ast year muJjli'has been heard 'from the proprietors 
of kincmatogr/ij)h theatres of the adverse efftfats of the entertain- 
ment tax 01? the volume of ^)atronage, but it would be better to 
make a careful analysis of th^ situation, c^j^nsidering all the con- 
tributory factors, than blindly to attribute the undoubted falling 
off of the public’s appreciation to a factor which has had little 
deterrent influence on other types of audience or sjfectators. The 
present “ slump ” affords a good opportunity for stocktaking, and 
a review of the situation indicates that the past phenomenal 
popularity of the kinema was due partly to novelty and partly to 
the fact thfit this novelty appealed to a section of the community 
whicli liad not been (‘dueated to amuse itself in its leisure time. So 
long as the appt‘arance of novelty could be maintained and so long 
as this 2^‘^i’lkadar section of tlu^ community had the means to pay 
for its amusement, for just so long have the pictures ” been 
popular. 

time aj)pearH to have arrived, however, when the kinema 
must«api)ey to*^th (5 “ average” intellect and successfully compete 
on its merits witfi various counter attractions of a higher order of 
intellectuality if its prosj)erity is'tci^continue. 

The introduction (;f more or less sordid drama by means of 
“ animat(‘d ])hotography ” to hundreds of thousands all too eager 
for such excitement and hitherto only able to procure it at the 
expense of depriving themselvc's of desirable company — namely, by 
reading— -constituted no doubt all-suflicient,r(‘a 8 ons for the initial 
success ; but sooner or later the communali value of the industry, 
that is to say, its value as a factor in the uj)lifting of a community, 
must becjome its life and death factor, it cannot be reasonably 
argued that at prcs(*nt the average programme is worth the time 
which an ordinary middle-class indiviflual hits to spend in order to 
sift out the little wgrth seeing from the enormous bulk of worthless 
and anti-social material therein. * 

Until the kinema becomes the rendezvous of the ptiople who 
matter in the intellectual life of the community, until it is really fit 
to place before the children of this generation who are to be its 
mainstay in the iH‘xt, it can only hope at best to enjoy short periods 
of financial prosperity interspersed with much longer periods of 
“ Vad*times.” ♦ 

‘Although these comments may appear somewhat incongruous, i,t 
need only be pointed out that the continued j^:yistence of the photo- 
graphic industry is vefy largely bound up with the keeping aSve of 
that section of it which consumes the major partion of its prddttfltfli 
viz., kinematograpji films. No, apology is offered therpfor^by the 
writer for having considered the subject from the social aspect* 
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A further fact must not overlooked, namely, that in the past 
kinematography has been severely handidhppe^, so •far as the 
patrons are concerfted, by the inahilfty to convey impressions by 
means of speech-^hfe alternaybion of titles wi^h long drav^ out 
“ close ups ” rapidly become sonjewhat irksoipe to watch. It is a 
poor substitute, whicA before, long HU very probably be displaced 
by the ‘^talking ” film. In fact, towards the latter end of 1922 a 
successful public demonstration of speaking film pictures was 
given in* Berlin.^ The various operations for sound reproduction 
in this particular instance are protectdU by patents granted to 
H. Vogt, J. Engl, and J. Massolle,® and inyludo a novel form of 
sound-light intensity converter, which depends upon the con- 
ductivity of the ionised atmosphere surrounding ai« eiectricaUy 
charged wire. The movements of the sound-operated diaphragm 
are registered as strips of varying opacity, which form a ladder 
^lesign along the edge of the picture film. Perfect synchronisation 
of picture and sound is thus achieved when the light intensity to 
sound conversion is made by the now weU-known selenium ceU 
apparatus. The inventors are to be congratulated on their success, 
but it is doubtful whether the existing vested interests wiU welcome 
the improvement. Its adoption would mean the instaUation of 
new delicate and cxpensivt^ apparatus and would necessitate 
drastic changes in “ producing ” methods. It would mean, for 
example, that the “ hetor ” would have to rely on his own skill 
and that the “ proctticer ” would become dumb. It would necessi- 
tate the introduction of refinements comparable with those pertain- 
ing to the theatre stage, and although it would eventually enable 
the kinema to take i^ place amongst the arts, the transition from 
the present state of affairs could only be slow. It may be anticipated 
therefore that the inventions in the “ speaking film ” field* will not 
prove epoch-making. 

The case of store c>scopic projection, with which inventors con- 
tinue to concern themselves,® is in a somewhat different category, 
sigee not only will the unnatural perspective, which is all too 
evident when the subject includes near foreground and relatively 
important background objects, disappear, but, in addition, no 
modification of the existing “ production ” technique would be 
necessitated and but slight alteration of apparatus would be called 
for unless synchronised viewing* devices for each spectator are 
essential. The illusion of stereoscopy which results from^or^ect 

» Phot Bund., 1922, 266. 

»E.P.*167,433, 151,440, 1|7,443 4. 

* A#0.*^ankine, Nature, 1921, 108, 276. P. M. G. Toulon. E.P. 622,627, 
Rev. Prang. Phot, 192:L 2, Suppl, 103. R. Mylo, E.P. 149,206-7. E. Viola, 
Atti Accad. Limei, 1921, 30, II., 416'. 

® J^Briaon, F.P. 620,908, 622,99^P A. Boorman, E.P. 165,687, L. D, 
Williams, E.P. 173,833. 
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displacement of the camera during talfing has already been made 
use of with Sjometamount of success, and' W. H. Merrill and T. C. 
Martin® hai c sedured a patent Sir means of importing the necessary 
movement to t-lje camera. # ' # i 

It must not he foigotten, h(jw»ver, that the mere alteration of 
the relative positio\is of the actorfe imparts a i/ipasure of st^eoscopy 
to most scenes, and the impression of depth which true stereoscopic 
projection would introduce would, perhaps, scarcely be noticeable. 

The many drawbacks attendant on the present &iscofttinuous 
nature of the film movement in both “ taking ” and projection are 
too well known to need emphasis, and it is not surprising therefore 
that much work is V)eing carried out with a view to perfecting 
continuously moving him apparatus.’ The perfection of such 
apparatus will add enormously to the value of the kinematograph in 
its application to the analysis of motion, and would enable many 
types of subjects to be recorded which at present have to be passed 
by. Further, a noticeable decrease in the cost of production should 
result from the longer life of a film continuously projected, and the 
audiences cjjf the smaller halls, which have suffered much more 
during *the present depression tljan those where other attractions 
form part of the programme, would receive their reels in a much 
less abridged form than is at pfeseAt the case. The assistance 
which the continuously moving film would give to those working 
on the speaking film will be apparent from a perusal of the account 
of Vogt, Engl, and Massolle’s work. t 
There are unmistakable signs of a^ revival of interest in home 
kinematography, a natural result, perhaps, of the steady extension 
of electric lighting facilities. The introduetton of the kinemato- 
graph into the homes of the people is largely bound up with the 
supply of suitable “ non-inflammable ” film base, for although all 
the regulations which govern public exhibitions might not be 
relaxed if nitrocellulose were displaced by the much less inflam- 
mable esters, there can be no doubt that the householder and 
probably his fire insurance company also would take more Idndty 
to a less inflammable material. There does not appear to be any 
necessity, however, for such a truly non-inflammable material as the 
band of aluminium which has been produc(?d by K. Weiss,® and 
whilst it is obvious that both sides of such a “ film ” may be used 

« W. H. Merrill and T. C. Martin, E.P. 175,912. B. Moore, XJ.«.P» 
1,3^6,651. A. Polak, F.P. 52&184, and Additions 23,945, 24,071. 

’ J. Szczepanik, E.P. 148,254, 155,764. C. Zeiss, E.P. 149,280, G.P. 
350,194. 'E. Mochai!', E.P. 152,347. A. A. Tj^iomtp^, E.P. 171,ffl5. 0. F. 
Jenkins, X/.S.P. 1,386,325*. O. Messter, G.P. 336,649. K. Hig^flon, E-P. 
.17^,648. M. F. andlL. D. Hill, U.S.P. 1,407,535. i;memami.Werke 
G.P. 348,936. W. Heape and H. B. Gry'lls, E.P. 178,472. H. Grabb, E.P. 
178,474. * • . . 

*Phot. Ind., 1922, 311. 
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for carryihg pictures thergiis not much lil^lihood of its replacing 
the ordinary transpareift variety, ^cetato filift has entered the 
field, and is now b*eing fairly extcn&ively used^n ?he ptoduption of 
positives. FronPiill 'points oi^view it is to be rogre^ited that acetate 
base is not suitable for negathe^lm making-*-and s« far it has not 
proved ,to be inerj^twards thb modern higif-speed emulsion — 
because only a part of the advantages it would otherwisu aflord can 
be turned to account. So long as nitrate base has to be used in 
negative wetk, the manufacturing and^ storage fire risks remain. 
These risks are at least as important as those appertaining, under 
the present regulations, to the exhibiting of «uch film, and although 
the action of the French Covernment in lA’ohibiting '’f+er July, 
1924, the public exhibition of pictures on nitrate film is a step in the 
right direction, it is doubtful whether much public benefit will 
result. The relative instability of acetate film prtjcludes its use for 
, record purposes, even when it is desired to preserve positives only, 
and in addition its anti-wear qualities leave much to be desired. 
Attempts are being made to perfect viscose film and to incorporate 
therein the sensitive salts.® Should success be achieved, the low 
cost of this product will guarantee a ready marked. iflorecA-cr, the 
protection of the picture image resulting from the absence of a 
separate emulsion film would be an important asset. 

It will bo apparent from the foregoing that - substitutes for the 
nitrate film are receiving the serious consideration of film manufac- 
turers, and it is to* be anticipated that, with the extension of the 
knowledge ’of cellulose and its derivatives, the day is not far distant 
when nitrogen- bearing esters will have ceased to be the basis of 
kinomatograph or other photographic film. 

Colour Photogr.^phy. 

The public exhibition during the past year of the Prizma natural 
colour film referred to in last year’s Report (p. 546) has afforded an 
importunity of comparison with the results of earlier processes. 
Unfortunately it cannot be said that the newer process showed 
striking improvement over the now obsolete kinemacolor respite ; 
indeed the latter, in »pite of its well-known colour-fringe drawback, 
gave distinctly more harmonious rendering and dealt with the more 
difficult lighting effects more efficiently. Perhaps the proc^cers of 
the Prizma pictures have been too ambitious, have not reanseththe 
limitations of their process, or were not* familiar with the correct 
lightii^g conditions f jr so^e of the scenes portr Jyed, but whatever 
may be the causes one is not very imprdbsed by the amount of 
progress made in tbis branch of colour photography during the last 

• ia, CeHophane, F.P. 619,663. S%e also J. E. Brandenburger, J., 1922* 
52iA. 
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decade as evinced by fhe exhibition oi,The Great Advekture. Of 
other dye toning «processe^ at present re(!eivin^ attention it is of 
interesj to liote thaji a company has been formed in Germany to 
exploit TraubeiX patents in kinematography. ' » t 
Gaiimont’s thre(^-cdlour additives process, w^ich is being success- 
fully and regularly worked by its Inventor, has^ been improved as to 
projection operation by the perfection of registration Vnechanism 
which may be manually or automatically controlled. This process 
represents, in the writer’s ppinion, the greatest achie\%ment so far 
obtained in colour kinematography by additive methods — the 
entire absence of coldur fringes is noteworthy, as is also the 
faithfulness of the cdlour rendering. This latter quality is to be 
expected of a three-colour process. For subjects in a high key, 
however, the introduction of a plain black and white component 
would appear to be desirable. The importance of this black and 
white component is recognised in the patent of R. 0. P. Humphrey 
and C. H. Friese-Greenc,“ who obtain it by a novfil construction of 
filter , shutter. An example of a “ patterned ” additive process* is 
represented the patemts of A. Keller-Dorian, obtains the 
screen pattern by refraction elements on the unsensitised side of the 
film, and so arranges a three-sectioned three-coloured diaphragm 
that each element forms an image df e^fch of the colour filters on the 
sensitive emulsion. The negative is converter! by the well-known 
reversal process into a positive, and projectioi^ ensues through an 
apparatus the optical and colour members of which are identical 
with those of the “ taking ” apparatus. In commoit^ with many 
other colour processes as applied to kinematography, the drawback 
of necessitating special projection apparatus is present, although in 
this case the special apparatus can be relatively easily applied to 
existing projectors. Many workers whose judgment is of import- 
ance in these matters, express the opinion that a sine qua wm of the 
financially successful colour film is the presence of the colour in the 
film, a circumstance allowing of the use of the ordinary projector. 
The Eastman Kodak Co. appear to be bringing their Kodachronte 
process on to a commercial basis and have obtained a patent for 
a means of securing registration of the two-coloured images which 
occupy superposed areas on either side of do<ible-coated filnL^* 

Of colour processes not primarily applicable to kinematography 
that o4 L. Dufrayi* is of intere&t as being similar to the Paget ^ 
prqJRess for the productioi^of natural coloured positives, whilst 

i»EtaW. Gauradit, F.P. 625,883, 627,13#, and #^dditioii 23,941, nad 
P.P. 633,812. • • ‘ ^ 

183,160. 

^ F.P. 621,633. 

» J. G. Capstaff, UJ15.P. 1,394, .604?* 

i«F.P.62Q,t$4. 
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of J. B. i? IMdier^® reoalltthe earlier Pinaohrome ” attempts of 

E. Konig. ^ * 

The patents granted to E. A. *Lago^® and^. r^resent 

attempts to utilii*5<ully the differential or selective {jolour-sensitising 
powers of modern photographic ^colour-sensitisers.* This section 
should pot be close^Vithouh mailing reference li> the publication of 
E. J. Wail’s “Practical Colour Photography,” a conip^ehensive 
volume in which are to be found reliable descriptions of and working 
instructions* for all processes of colouj photography which have 
reached a commercial stage. 

Sensitising and Desensitising. 

Work on the isocyanine and allied sens\tiser8 liars been continued 
by W. J. Pope and his collaborators, and our knowledge of the 
characteristics of many useful dyes is increasing. The absorption 
spectra and the sensitising effect of various substituted l.r-dimethyl- 
isocyanine iodide derivatives referred to in last year’s report 
(p. 549) are illustrated in the Photographic Journal, and imj^rtant 
generalisations concerning the relation of the cjpnst^ution of the 
substituents and the optical and photographic properties afe made. 

W. T. K. Braunholtz has shown that of the isomeric 5.5'-, 
0.6'-, 7.7'-diethoxy-l.l-dicthylcarbocyanines, the 0.6' confers the 
greatest and the 5.5' the least red sensitiveness. As is the case 
with the dorivati^^s prepared by Miss Hamer, the characteristic 
sensitising maxima are nearer the red end of the spectrum than the 
absorption Anaxima. * 

W. H. Mills has described the preparation of thiocyanine and 
carbothiocyanine dj^es of analogous constitution to the iso- and 
carbo-cyanines respectively and found that they exhibit character- 
istic sensitising properties. 

Some interesting observations on the technique of sensitisation 
by bathing, and on the properties of emulsions sensitised by bathing, 
are made by F. M. Walters, jun. and H. Davis.^ Although much 
t)f the information contained in this paper is not new, it has not 
been generally available and its publication should serve a useful 
purpose. It should be considered in conjunction with E. Stenger’s 
communications^* dh the keeping qualities of sensitised emulsions. 
The relative instability of emulsions sensitised by “ bathing ” as 

^*P.P. 624,143. 

»*E.P. 183,189; J., 1922, 729a.* 

»^.P. 346,734; J., 1922, 667a. 

Sf . M. Hamer, PM- ^.*1922, 62. 8 ; J., 1922, 120a. 

8oc, Trans., 1922, 121, 169; J„ 1922, 198a. 

Ibid., 466; .7.,|1922, 465a., 

“ U.8. Bur. 8tand. Set. Papers, No. 422, 1921, 17. 363 ; J., 1922, 960a. 

^Z.uHas. Phot, 1922, 21, 246*;*Pi^o«. Ind., 1922, 836, 869, 878, 898; 

1922, 440a. 
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compared with those “ ^mulsion ” sensitised is eloquent!^ testified 
to by Steng^x’s rf«ults, arid for the pre^nt at least it may be 
assumed that thftse methods 'oi* procedure whic*h yield the most 
highly 'sensitive ^proclucts induce a (»)rre8ponclif.g^ instability and 
fogging tendency. This assumption is supported by the remarks 
accompanying the^ details of procedure of ^ ‘ ‘ hypersensitising ” 
autochrome plates published by F. Monpillard.^“ 

A sensitising dye, 2-p-dimethylamino8tyrylp5n’idine methiodide, 
possessing similar properties to Koiiig's PinaflavoF; has been 
prepared by W. H. Mills and W. J. Pope“^ by boiling in alcohol 
p-dimethylaminobenzaWchyde with a-picoline and piperidine, and 
the same workers with J. E. G. Harris-^ describe an improved 
method of separ^iting isoquinoline in a pure state from coal tar 
quinoline, the preparation and properties of Jsoquinoline Red and 
its 6'-methyl and 6'-ethyl derivatives. 

The influence of the introduction of bromine into the nucleus of 
the molecule of Pinacyanol has been investigated by K. L. 
MondgilP" who finds that the halogen considerably depresses the 
sensitfting powers of the dye and caus(^s a shift of the maximum 
towardscthe •I'ed ^nd of the spectrum. Some new sensitisers for 
the deep red are the subject of a communication by C. E. K. Mees 
and G. Gutekunst.**’ The acetaminocj^anol appears to be different 
from the compound previously described by J^ope and sensitises 
quite differently according to whether it is applied in the emulsion 
or by bathing. Kryptocyanine (Ann, Bipts., 6* 105), is stated to 
be the most powerful sensitiser known and gives a m^-^ximum at 
X=7600. 

Liippo-Cramer has continued to work on the increase of general 
sensitiveness by dyes-** and has come to tlie conclusion that 
emulsions in which nuclei exist as a result of ripening may be 
further sensitised to white light by the action of appropriate dyes. 
The appropriateness of the dye may be the completely decisive 
factor, as the work of E. Konig and R. Schuloff **** indicates a very 
close relationship between the chemical constitution of the dye and 
its behaviour. Their work has led them to the conclusion that 
simple alteration of a substituent radicle may convert a sensitising 
dye into a desensitising dye. Unfortunately these authors do not 
find themselves able to disclose details of the constitution of the 
dyes which behaved in this manner and the difficulty of forming 
any qonfieptibn of the mechanism of sensitisation and desensitisation 

23 BuU Soc. franc. Phot, 1922, 9, 90 ; J., 1922, 484a. 

* Chem Soc. Tra/fo., 1922, 121, 94G ; J., 192tl 

^Ibid., 1029; J., 1922‘581a 

•Ibid., 1509; J., 1922, 838a. ^ 

« Brit. J. Phot., 1922, 69| 474 ; J., 1922, 689a. 

»* Phot. Ind , 1922, ^^38. • 

Phot. Korr., 1922, 59, 43. 
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remains, hit In view of Jljie known shift in the position of thi 
maximum sensitisation • which modifilati^n oj the* substituent 
causes, it is not ‘impossible thab^dfesensitisatioir is % species of 
sensitisation, the»niaiimum b^ing shifted beyodd the confines of the 
visible spectrum. Luppo-Cran^r maintains^ his ’contention that 
desensi^sation is ani oxidation phenomenon, /nd amongst other 
items of evidence in support of this statement he cites the f*iot that 
desensitisation reduces the sensitiveness of an emulsion to X-rays, 
whereas op"*cal sensitisers impart no increased sensitiveness to 
X-rays. A. Steigmann^^ interprets th8 results of experiments in 
which exposed plates were treated with^ mercuric salts before 
development as being in accord with the oxifjation theory of desen- 
sitisation. The suggestion is made that the (kst iisitiser is 
absorbed by the silver halide of the emulsfton whif^i is thus isolated 
by a sheath of oxidising environment. It might legitimately bo 
, deduced from this liypothesis that desensitisers would have in 
every case an inhibitory or retarding effect upon the development 
pfocess, whereas as a matter of fact in many instances the opposite, 
i.e.j an acceleration of development, is found to results from 
desensitisation. A theory which does not* necessitate any 
absorption«complex isolation assumj)tion is vsuggested by Liippo- 
Crarner,®® who assumes that thi‘ nuclei of nascent silver react with 
the dye in the same way as does zinc dust — all known desensitisation 
dyes are reducible >tith zinc dust whilst sensitising dyes are not — 
and are thus deprived of their characteristic sensitising properties. 
This theory ’certainly appears attractive and should stimulate 
Lumiere and Seyewetz to* repeat their washing experiments, in 
which they found a^gradual return of sensitiveness as the washing 
proceeded, introducing the modification of using de-oxygenated 
water. Whatever theory may come to be generally accepted, 
however, the practical utility of the desensitisation process is an 
established fact an J- the introduction of Pinakryptol and Pinakryptol 
Clreen has simplified the manipulation. Patents have been secured 
in Germany for desensitising plate backings and in this country 
the Imperial Company has during the past year placed on the 
market a plate carrying such a backing. As has already been 
pointed out by the A^riter such backings are not novel. A somewhat 
surprising statement to the effect that Phenosafrainine reduces the 
natural sensitiveness of silver l);*omide to blue and violet only to 

Phot. Ind.,*1922, 287 
'^Loc. cit, 1921, 71 ; 1922, 469. 

^ Lhppo-Crame^ Ind.f 1922, 405. IX. E. Li|8ogang, ibid.^ 601, 
774-775. 

J. Phot.,A922, 69 , 351. 353 ; J., 1922, 567a. 

K. Wiebking, G.P. 354.43^; J., 1922, 730a. See also M. Schiel, PhoU 
Rund», 1926, 59 , 186. H. Meissner,* tbid., 233. H. Schroiber, G.P, 350,668, 
1922, 729a. 
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one-fortieth of its nor^mal value is mi(Je by C. Bonrt(^** ; thk 
does not afccordi»with the observations ^of earlier experimenters. 
Lumi^re and Sbyewetz,®’ fo^ ♦Example, as the result of spectral 
measurement ,sj(;ate that in the bke regioh,t v/ith "a maximum 
depression about 435/i./i, the sensitiveness falls to 1/760 of its 
original value. Ikhe recognitiSi! of 4he undoubted residuum of 
sensitiveness in the blue is of importance as it governs the choice 
of the illuminant in which desensitised emulsions are handled. 
Appropriately enough the old batswing gas flame ‘was *U8ed in 
connexion with tests of tibe first desensitiser of which we have a 
record. This was as^early as 1885 and the desensitiser was the 
well known and then largely used developer “ ferrous oxalate.”®* 
The absence* of. a sulphite from this developer, coupled with the 
fact that a sulphite prevents the formation of desensitising products 
in the oxidation of aminophenolic developers, somewhat strengthens 
the case for the oxidation theory. 

The last item of interest under this heading is the observation of 
the inhibition of desensitising action by certain “ filter ” dye*( — 
notably Tartrazine — ^which are added to the emulsions of the 
so-caUed sei-scr^ened orthochro^iatic plate during manufacture.** 
Fortunately this inhibition is not serious under normal conditions 
and is not at all apparent when thb (Msensitiser (Phenosafranine) is 
mixed with the developer. According to b<uppO“Cramer Kapid 
Filter Yellow (Hoechst) does not exhibit this antagonistic action. 

t 

Developmei^t. 

The communications of theoretical impi>rtance which have 
appeared include one or two which the research worker cannot 
afford.to neglect. The first deals with the work of T. Otashiro,*® 
who investigated the uniformity of development of plates treated 
whilst held in a rotating holder immersed in the solution. Under 
these conditions it was proved that development was far from 
being uniform — indeed, when rotation is omitted the results showefl 
a noticeably higher order of uniformity. The lack of uniformity is 
partly ascribed to currents of specifically heavier or lighter devejpp- 
ment products, the formation of which has keen already demon- 
strated by E. R. Bullock. 

A second communication by 0. Bloch** deals with the sajna 
" bj^t. It IS shown that with dish development *no matter what 

»« II Pjog. FoU, 1921, 29, 210. 
w Phot., 1^21, 68 , 371. 

H. Backstrom, Pkot.*Bund., 1922, 69, 181. Liippo-Cramer, 
•»PAo«./nd., 1921,912, 1022. , c 

BuU. Kvryu Tech. CoU., January, and May, 1921. 

Blit. J. Phot., 1926, 69! 110. 

" Pftofc, 1021, 61, 426 ; J., 192B, 36a. 

i ■ ,t • 



ntoTOQiunIr. 


type of TOoSlng be resortedfto it is imppBible to secure uniform 
development unless some device such as a roller squeegc^ be passed 
in two directions at ri^ht angles over «bl!e surface pf the pktte during 
the operation. Tlfei^writer, wh%n working with \V, Ermen on 
the subject of the activity of developing agents^ was led to abandon 
the use of^lass plates j:ftcause (jf thd^e difficulties ii/ensuring uniform 
devcdbpment*. By using flat film curled emulsion side iuv ards in a 
porcelain beaker and periodically pouring off the solution and 
pouring back fi-gain uniform development was secured. 

The conclusions regarding the determination of the activity of 
developing bases indicate that past work in which tlie depressent 
action ‘of potassium bromide has been taken as a measure of the 
activity of a given developing agent may have to bej’cjfeated under 
somewhat different conditions. It appeared that wliere any given 
developing solution contained an excess of alkali the addition of 
small amounts of potassium bromide did not cause a depression of 
density in the way it does if the alkali is not in excess. It appears 
th»efore that in future work on these lines a preliminary deter- 
mination of the correct constitution of the developing bath, without 
bromide, will have to be mode for each developt^r. Ill addition, 
Ermen found* that most of +hc developing agents did not require the 
addition of an alkali to activate Uliem even when the sulphite with 
which the solution wa^ compounded was neutral to phenolphthalein. 
Without alkali the images produced were similar in appearance to 
those obtained by so-callejJ physical development ; they were 
generally cleaner than physically developed images, however, and 
suggested that “ stand ” developers giving harmonious negatives 
eminently suitable f«r enlarging may be compounded without 
alkali. 

It would be of interest to study with these solutions the action 
of those dyes which Luppo-Cramer has found to have an acceler- 
ative effect on norm'ally compounded developing solutions. The 
results might afford evidence in support of R. E. lisegang’s 
tlifeory.** The stabilising of diaminophenol solutions has latterly 
received much attention,*® but it cannot be said that any pre- 
servative more powerful than glycolUc acid, recommended by the 
writer,*^ has been discovered. 

Otbpr items of interest in the year’s work on developers and 
development include a communication by J. I. Crabtree*® on the 

• 

** Xbid., 1922, 62, 123. J., 1922, 270a. •• 

1922, 80,114- ; Die Phot., 1922, 29 ; see also reference 32, 
Ind., 1923^4501. « 

*® 1j. j. Bunel, Bull. Soc. JranQ. Phot, 1921, 8? 290. A, Bunel, II Prog, 
^ot, 1921, 88, 204. L# Lobel, BuU, Soc. franQ. Phot, 1921, 8, 291 ; J., 1922, 
36a. 

*» Brit, J. Phot., 1920, 67 , 642. 

**JrWd., 1922, 69 , 163, 170, 188, 
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photographic examiiyitictn of developr^s, one by S. Ev Sheppard** 
on an eleitrochtemical study of developters, and a third by E. R, 
Bullock,®^ which , deals witb'the restraining effect of borax in 
developing so^fitions. This last wcrrker show^ that the restraining 
action is duQ entirely to the redu^ftion of the alkalinity by the added 
borax. In addiK\)n the temperature? coefficifept in the dejrelopmenl 
of “ Dupli-Tized ” X-ray film has been determined over a limited 
temperature range, and it has been shown that the addition ol 
potassium ferrocyanide,^ once frequently recommeiAied, is without 
measurable effect. 

A. Seyewetz has •described the preparation and developing 
properties of ^-amifiophejiolsulphonic aeid,'^^ whilst the ageing anc 
decomposition* of sulphite-quinol solutions has been re-studied bj 
J. Pinnow. '’* Finally 'the communication of Luppo-Cramer must 
be cited, as it indicates that the sensitiveness of any emulsion if 
a variable depending upon the conditions of development. 

The' ‘fixing” of the developed silver image is a matter about 
wh^h most photograpliers assume there is nothing new dl* oi 
importance to ,be discovered. E. li. Bullock, however,^® bringf 
new Evidence of the mechanism of fixation. For many years it 
has been assumed that the fixing^ reaction, i.e., the solution oi 
unchanged silver halide with thiosuTphate, ocurrs in two stages, the 
first being the formation of an insoluble double salt of the formula 
AggSaOajNajjSijOajHaO, and the second st^ge the addition oi 
further thiosulphate forming the rtadily soluble salt Ag2S203 
2Na2S203, 2 H 2 O. It was the rule toi.attribute all filing stains tc 
incomplete fixation, i.e., the production of the insoluble doubh 
salt only, and although Luppo-Cramer has Opposed this view and 
offered satisfactory evidence of other causes of the fixing stains, i 1 
has been the standard doctrine of fixation. Bullock now confirms 
the observations of Lumierc and Seyewetz made in 1907 that there 
is no intermediate stage in the fixation, except in so far as the 
solution of chloride or bromide before iodide may be considered af 
such, and that immediately the opalescence disappears from the 
negative (or positive) fixation is complete. Two communications 
dealing with the washing of plates etc. have both been prelimin- 
aries to applications for patents. K. C. 1 ).*’ Hickman and D. A 
Spencer,®’ as the result of a thorough investigation of the variouf 

. Amer. Electrochem. Soc.^ 1921, 39 ; Chem tils., 1921, 15; 2393. 

• Bnt. J. Phot., 1921, 039 ; J.* 1922, 79a. 

Kodak Ab6tracts Bull., 1922, 8, 330. 

376. 6 t M 

Comptes rend., 1922, 174, 296; J., 1922, 1C9a. 
w Z. mss. Phot., 1922, 22, 72 ; J., 1^22, 879a. « 

Koll-Zeits., 1921, 29, 314 ; Phot. Ind., 1921, 797 ; J., 1922, 79a. 

BrU. J. Phot.: 1922, 69, 110. * • ♦ 

" Phot. J., 1922, 68, 225. 
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crashing devices at present jibtainable ocknn^rcially — an investi- 
gation in which plates dyM with Tartramno were^usecf in lieu of 
thiosulphate-bearing plates — ovolved'^^most effiqien^ walfer-pump- 
[!um-siphon device, Miich is particularly suited to “ djsh ” wasfiing. 
L. Lumidre*^® uses a capillary siphon made by 'placing a piece of 
porous material in c^titact witn tlfe surface tc/be washed and 
fillowing the Vash water to act only via this material. Thorough 
to be with distinct economy of time and wash water are claimed 
washing effectcfl. 


After-treatments. 

The diechanism of the “reduction” with pcrHulphatos appears to 
lose little of its fascination for photographic research \Vbrkers, and 
in spite of careful investigation it cannot *l)e contended that an 
altogether satisfactory theory of the well-known and very valuable 
super-proportional reduction has been advanced. In fact a perusal 
of the year’s work on this process"*® leaves one with suspended 
judgment, but somewhat inclined to the belief that the history of 
the image previous to reduction with persulphate may have a not 
iiuionsiderable influence on the type of reduction *whi(3!i wiil be 
obtained by atiy given forn.nla. The controversy which has ranged 
round this reducer has led us littK^ further than the early ideas of 
H. Marshall, and it is^ significant that a worker of the repute of 
S. E. Sheppard has come to regard a physical, in contra- distinction 
to a chemical, explanation the most satisfactory, thus agreeing 
with Luppo-Cfamer’s original theoretical conclusions. 

'J’he chemical toning of tiie silver [image has jbrought'J little 
new work forward. 0. Kawling*® has attempted to ascertain 
whether colloidal sulphur per se will react with the silver of a 
bromide print. A slow positive reaction w^as observed, as also was 
the case when a solution of hydrogen sulphide free from colloidal 
sulphur was allowed td remain in contact with a bromide print. He 
suggests that the toning which occurs in the hypo- alum process or, 
on# presumes, in such a “ cold ” process as that mentioned in the 
communication from the Eastern Kodak Research Laboratory,*^ is 
due to the action of colloidal sulphur formed in the gelatin contiguous 
to the silver grains and to some extent also to hydrogen sulphide. 
Tlie toning of silver images with tin compounds is dealt with by 
F- 5^mstecher*^ in a communication in which instructions are 
given for the preparation of reagents giving a variety of tones fi(|)m 

iiev,JranQ. Phot, 1922, 8, 109. 

G. L Higson, Chm Sm. Trans., 1921, 119, 20^. S. E. Sheppard, 
450 , Q, I. Higson, Phot J., 1922, 62, 98 ; J., 1922, 234a- 

E. Sheppard, ibid., 381. R. Nanjias, 11 Prog. Phot, 1922, 29, 161. 

Phot J., 1922, 62, 3 ; J., 1922, 8fA. 

Ihport*No. 1360, Eastman Kodat Research Laboratory. 

^^Phot Rund., 1921, 277; J., 1922, ^^Oa. 
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violet-blaok to redd^h-appia. It is pointed out that'in each case 

the toned Ifmaga^ being aii adsorption coJnplex of metallic silver and 
metastaniiic abid,^ is very ^’ertoanent. The s*ame worker has also 
mad*e two cqi^munications dealing rwith the tkotory of the toning of 
printed-out , silver images with ^.he noble metals,*® the latter of 
which deals fakly exhaustit^y with palladium tonn?g, and a 
further communication,®^ in w^hich a process for producing double 
tones on selenium-toned prints by the application of the Howard 
Farmer reducer is detailed. The objectionable* double tones 
occasionally encountered on prints toned by the sulphide or copper 
processes are ascribed by A. R. Riddle®* to incomplete removal of 
a double thiosulphate of sodium and silver. It is stated* that a 
five minutes’ immersion of the print previous to toning in a 0*6% 
solution of potassium j*ercarbonate converts this double salt into a 
soluble tetrathionate which may be completely removed by half 
an hour’s washing. 

K. Kieser*® suggests various toning processes applicable as 
analytical methods for determining the composition of emulsions 
and the size of the grain. Although the suggested methods are 
more^or lels cnl^irical they are^calculated to constitute rapid means 
of arriving at information of considerable value to*' the emulsion 
maker. A mercurial process of producing brown tones on bromide 
and gaslight prints is described by A. Stcigmann,®’ but the well- 
known fugitive nature of images containing mercury is likely to 
deter photographers from using the process ‘to any great extent. 
The tone and permanence of a sulphide- toned image leaves so little 
to be desired that any quick-acting cold sulphide toning process 
which may be discovered in the future is pertain to be instantly 
adopted. 

Photo-Mecha]^ ical. 

The history of the introduction of photographic methods into 
the printer’s domain is not altogether dissimilar to the story of the 
camel which sought shelter for its nose only, finally endingiin 
complete possession of the owner’s tent. From the slightest 
assistance in minor illustrations rendered in the beginning, its 
progress has been of so steady and valuablf a nature that at the 
present moment “everything points to the fact that photographic 
methods will dominate all printing efforts.” 

^h^ quoted statement was made by one well q^ialified to express 
an opinion on the progpess in this branch of photography,** and, 

«® Phot Ind., \m, 874 ; 1922, 774. ^ 

»* W. Frostmann, PHot Bund., 1922, 59 , 173. 

®5 Trans, Proc. Boy. Soc., S. Australia, 1920, 44 , ?93. 

*• Phot. Korr., 1922, 59 , 33. 

Phot Ind., 1921, 797. * 

«• “ Process Year Book.” 1923, 64. 
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indeed, in printing circles more thsp. the average amount of 

attention is being accorded tne various ]^ot8grap}iic ptocesses of 
type and illustration*reproduction, particulars of which have been 
lately published. J^ap^ess of this kind does not' strictly appcJrtain 
to the domain of chemical industry hut as therQ is e^ery indication 
that sensitive photogniphic film wiU%e used in l^ge quantities in 
the processes<iiow approaching the condition of practical applicacion, 
there is little need for apology for referring to the matter. Those 
who are direct^ interested will find much valuable information in 
the above referred to Annual — more particularly in the first article 
therein“A Review of Process Work,” by W.pamble — and in the 
patent • specification w hich accompanied J. .Robertson, T. W. 
Brown, and A. Orell’s application.*® W. Gamble has also epitom- 
ised the present situation in a communication to the Master 
Printers’ Association.’* Various items of more specific interest 
have appeared dealing inter alia with the subject of the etching of 
printing surfaces,’^ with the function of the “ flash ” exposure in 
thr^-colour half-tone, with the influence of diffraction when 
calculating the “screen” separation distance,’* and with* the 
modification of “ blue prints ” to render their leproductipn on 
ordinary plates less difflcuH.’'^ 

The llllmann process for lha production of negatives from 
opaque — i.e., non-transparent; — originals, a process which is an 
improvement on the did Playertype, and in which the printing is 
effected through th# original whilst this latter is in face to face 
contact with^a bichromated gelatin film, has been improved by 
prevention of the wandering df the dye used for staining the tanned 
image. This is effect'd by the insolublisation of the dye after 
staining.’® Any improvements in this process are of interest, for it 
has been demonstrated to be of particular value in the truc-to-pcale 
rejmoduction of material bound in book form, since it does not entail 
dismemberment. 

Radiography. 

^^ew experimenters with radiographic sensitive material appear 
to be investigating the radiographic sensitiveness of the different 
compounds which could be employed in emulsion making, the 
general bias remainiftg as hitherto in favour of external intensi- 
fication appliances. These intensifying screens serve to degrade a 

186,22fii 

’» Brit. J. Phot., 1 922, 69, 692. 

’VK. JI. Cartwright, Phot. J., 1921, 61, 428. R. R. Pago, Amer. rrin., 
Jan. 20, 1922, 67. J. l^ellersh-Jackson, E.P. 1716,412 K. Schlecht, 
f, 414, 093. 

’• E. L. Turner ani C. D. Itallfi^m, Phot. J., 1922, 62, 400 
E, A. Blerman, Brit. J. Phot., 1^2, 69, 416. 

^*^epoA 998, Eastnum Kodak Bestarch Laboratory. 

M. XJUmami, E.P. 166,691. 
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portion of the energy of Any X-rays falling on them t/ “ light ” to 
which tha orc^nar^ photographic emulsion is sensitive. The 
efficiency*, factor of this degt'^ation is sufficiently low to allow of 
marked advantage accruing from ;the use ftcreeriS, one in 

contact with'dither^side of duplex coated photographic film. It is 
also recorded thi|^ optical cont#qt of iptensifjr ng screen and sensitive 
surface leads to a further increase M efficiency — ^pat^nts covering 
assemblages of this type have been granted to N. E. Luboshez’® — 
and it therefore appears probable that the chemiofil copibination 
of an X-ray degrading substance with a light-sensitive compound 
would be more efficient than any known or suggested physical 
combination. Attempts have been made in the past to incorporate 
the intensifying material in the emulsion, but without much success. 
Our knowledgdof the properties of intensifying compounds has been 
enlarged since then, however, and further investigation should be 
worth while. As touching the properties of intensifying screens, it 
is evident that the non-phosphorescent highly fi,uorescent alkaline- 
earth tungstates as prepared by E. Tiede,’’ constitute an improve- 
ment likely to be of value more particularly, perhaps, in radio- 
graphic ki«ematography, and also in such a device for stereoscopic 
“ roentgenscopy ” as that refeiTed to by J. v. E. Tengbergen.'^* 
With the increase of electrical, energy which can be applied in 
modern X-ray exciting apparatus the influence of scattered radi- 
ation, resulting from electronic disturbances* in matter of the type 
discussed by M. de Broglie,’® has become of vital importance. Any 
exact study of this scattered radiatidn is therefore jji more than 
transient interest. R. B. Wilsey®® has continued his researches in 
this matter, and his conclusions confirm his previous statements 
relative tp the improvement in radiographic images which is 
obtainable by the use of the Potter-Bucky diaphragm, a description 
of which has been given by C. H. Holbeach.®^ A patent for a 
modified diaphragm in which two opaque eccentric discs, pierced 
with holes in such a way that they are in constant alinement with 
the target and which make one revolution per exposure, obtained 
by A. Dauvillier, constitutes further evidence of the technical 
importance of such apparatus. Attention to details of the photo- 
graphic technique of radiography in conjunction with the duplex- 
coated, e.gf., “ Dupli-Tized film, has led to enormous strides in the 
production of images relatively free from contamination by second- 
ary inrages due to scattered radiation. It will, be clear that by 

• ’«E.P. 181,087, 182,496W 184,519. 

^ a.P. 353,057 L J., 1922, 729a. 

AYch. Radioir, 192k 26, 42. 

J. Phya.y 1921, 2, 265. 

*®i4mef. J Roent, 1921, 8 , 589. 

« J, Roent. Soc.,^mf 17, 179. < 
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pushing the\we ftf intensifying screens to the limit and subsequently 
procuring the necessary c^*^ity by the|sujfcr-in^osition of two 
relatively weak (short-developed) irs^ages in which.the secondary 
scattered -images h^^e^not beeq developed, improved results »were 
to be expected. Not only does the use of screen* 'allow of the 
shortening of exposuDf, within cqioresponding In definition 
owing to^diijiinution* of movement risk, but also for any given 
exposure it allows of reduction of the tube voltage with corre- 
sponding jdecrciase in the relative proportion of scattered radiation. 

A further communication of interest in»screcn technique in that 
it affords striking evidence of the relative insensitiveness of the 
photographic emulsion to X-rays is that of A.^Zimmern,'’^ in which 
it is pointed out that although increase of the* temper^tUxC of the 
emulsion from the normal to C. j^ractically haU^d the exposure 
necessary for any given density of developed image, no thermal 
intensifying effe^ was noticed when intensifying screens were 
employed. The influence of temperature on the sensitiveness of 
photographic emulsions to X-rays will no doubt receive further 
attention ; it is difficult to understand, more particrlarly aince 
Liippo-Cramer has shown that dcsensitisers effective in, the visible 
spectrum are,, also effecti'T in the X-ray spectrum.**^ ’ 

• 

Theoretical. 

« 

A most interestin^iscussion has been started by the publication 
of Weigert and W. Scholier’s work'**^ which has l(‘d these experi- 
menters to tYie conclusion that the light-sensitive substance in a 
P.O.P. emulsion is not the silver chloride but the other (soluble) 
silver salts. In the ^ase of pure halide emulsions, it is suggested 
that the light-sensitive material is really metallic silver, which is 
present in minute quantities as an impurity. 

The former worker has also verified the Einstein photochemical 
equivalent law in the case of P.O.P. emulsions, for the earliest 
stages of exposure, making the assumption that the light is absorbed 
by silver only, and not by silver + silver chloride. 

Although Liippo-Cramer®’ maintains that Weigert’s results 
support the generally accepted view of the continuous decom- 
position and regenerAion of silver chloride during the exposure of 
an emulsion containing chloride and a soluble silver salt, and 
altlfough, further, it has been shown that halogen is liberated in 
weighable amounts from the halides of silver when exposed for Ibng 

^''CmpMrand., 1922, 17% 453; J., 1922, 233a. 
jg/wli Ind , 1925?;^S7. * 

Sitzungaber. Kgl. Preiws. Afcod. Wiaa. Bcrlint 1922, 041 *?., 1922, 120a ; 
PhyaiL Zeita., 1921, 22, *674. 
oit. 

^PhQt. Ind., 1921, 1029. 
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^periods,*® it would be of pterest to r^eat the work ai36ve referred 
to on purr unypen^d l^alide emulsiloh^ made from silver salts, 
which ha'NjB been prepared fio^ the metal in the absence of actinic 
light, and also on pure halide emulgions whio^^ J^ave been desensi- 
tised to th6' greatest possible extent. This latter expedient 
(desensitisatfon) ^should prowcj^ njaterial ^for an investigation, 
which might lead to some valuable conclusidns as to^thb relative 
merits of the silver nucleus sensitivity theory of Liippo-Cramer — 
latterly supported experimentally by W. Clark®® andipathematically 
by F. C. Toy®® — and tke light quantum theory propounded by 
L. Silberstein®^ and further investigated experimentally by A. 
P. H. Trivclli and F.*L. Righter.®* , 

Until an ^emulsion is prepared which is admittedly free from 
nuclei or reduction centres whilst being in all other respects physic- 
ally identical with an emulsion bearing nuclei, it would appear to 
be almost impossible to conduct any research which might elucidate 
either the nature of light or the influence of nuojei.®® Ripening of 
a relatively insensitive emulsion usually induces alterations of 
phyeical condition which in themselves may have enormous 
influences tn thi^ result. In the reverse process — ^that of desensiti- 
sation~no such physical alterations are introduced thus it may 
happen that the process of desensy}i^tion may be of as great import 
theoretically as it is of assistance in practical photography. 

Another aspect of the theory of photography about which opinion 
is very much divided is that of the effect of contiguity of unexposed 
halide grains to exposed grains, T. ♦Svedberg®* has shown con- 
clusively that in the case of an emulsion containing approximately 
equal sized spherical grains, reducibility is not transferred from one 
grain to contiguous grains. On the other hand A. P. H. Trivelli, 
F. L. Righter, and S. E. Sheppard®® have found experimentally 
* that in the case of flat grains which are “ clumped ” together the 
entire group is developable by virtue of one. of the grains having 
been rendered reducible by light action. Their own interpretation 
of the results of these last workers is questioned by F. C. Toy.®* 
who maintains that they are not sufficiently in accord with me 
theoretical results deduced by Silberstein from his basic assumption 
of the “ quantum ” nature of light to be acceptable as evidence in 
support thereof. 

®® F. Schrader, Z. Phys., 1921, 6, J27. E. J. Hartung, Chem. Soc* Tram*$ 
1922, lai, 682 ; J., 1922, 440 a. 

' • Brit. J. Phot., 1922, 69, 462 ; J., 1922, 689a. 

• »» Phil. Mag., 1922, 44, 352. 

« Ihid., 257. 

“ Ibid., 262. 

»» Cf. F. C. Toy. Phot. J., 1921. 61, 417 ; J., 1922, 36a. 

J., 1922, 62, 183. * • 

” im., 407 ; y.^1922. 788 a. 

Brit. J. Phot., 1922, 69, 443. 
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At presiSiitj \herefore, ij^is clear thatjthe available evidence is 
not'Bufficient to warrant conclusions being drawn fiom jibotographic 
experiments, either ^s to the nature ^of^ight or as to'the ctonstitution 
of the sensitive graiv- ^ Much vjork is being carried pn bearing upon 
the physical properties of gelatin — ^more particularly upon the 
relation of the hydr(^;tn ion oorice.ttl’ation to the/^roperties such as 
visebsity, swelling, eTc. — a useful resume of our present linowiedge 
appearing in a communication by S. E. Sheppard,®’ who states, 
inter alicft, the chemical deportment of gelatin is relatively of 
little importance in photographic emhlsion making, provided 
impurities are reduced to a minimum. Wh^st the importance of 
the physical properties of gelatin is admitted by most photo- 
chemists, there are others who have not yet been^convinced that 
the reducing properties of the colloid used *in making tne emulsion 
are of minor importance. Little or nothing appears to have been 
(lone in the investigation of emulsions made with chemically modified 
gelatins — an omission which is the more surprising in view of the 
fact that for years it has been known that the presence of readily 
recfucible compounds, e.g., the brown manganese compound 'pro- 
duced in the reversal stage of the “ autochrome ” procesl, mpfkedly 
reduces the sensitivenesj of any given emulsion and their removal 
(by treatment with bisulx)hite, for instance) causes resensitisation. 

It cannot be dismissed as impossible that in ripened emulsions at 
any rate the grain is' a crystal, the alternate halide molecules of 
which, or even peFhaps the neighbouring atoms of which, are 
separated h%a>n exceedingly thin film of gelatin. It is asserted by 
G. Grube and V. Reuss®^* that copper deposited electrolytically 
from solutions conta^ing gelatin consists of alternate layers of 
metal and gelatin, and if one were allowed to postulate a similar 
grain structure in which an oxidisible colloid is in atomic distance 
relation to an oxidising silver compound, an explanation of the 
increase of sensitivity by ripening based upon the observations of 
E. C. C. Baly and his co-workers could be offered. On the same 
hjjpothesis a “ strain ” theory could be built up, for crystals so 
constituted would, as formed, exist in a state of strain, would 
therefore exhibit selective absorption towards polarised light®® and 
would suffer interna] disruption by electronic breaking of the 
oriented dielectric gelatin wall separating the light-sensitive 
constituents. > 

ifhe marked affinity for small amounts of the gaseous halogiens 
which gelatin exhibits would become of Vital importance both in 
the ripetfin^ and eg^osurp state of emulsion operations and the 

Ibid., 677, 695, yO ; see alsoT. S. Price, Phot. J., 1922, 62, 366. 

»*Z. EUHrochefn., 1921, 45. * ’ 

*®#’. W«gert, Ann. Phyaik, 1920*,^, 681. J. W. Woodrow, J. Aimt. 
Phya. 8oo. ; Brit. J. Phot., 1922, 69, 232. 
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phenomena of reversal^whfch occurs, so as the writerVexperience 
goes, only ^^hen emulsion# loaded with free halogen are developed 
in the absence t)f actinic li^\t* would be readily comprehensible. 
The action of ^desensitisers as saturators olP istke affinitj^ of the 
gelatin for halogen ie not contrary to su6h a conception, while the 
role of scnsitisersVvould be stA(ftly analogoi^s^ to that of ^the dyes 
used in Baly’s experiments and the importance of tiie chemical 
constitution of such dyes becomes apparent. 

Whatever theory is provisionally accepted as a vf'orkifig hj^o- 
thesis, however, will have to explain a multitude of phenomena, 
many of which appear to be of a juirely physical character and in 
some cases are conditioned solely by concentration factors. * Thus 
it must be Abl^ to clear up satisfactorily such an anomaly as is 
referred to by Luppo-Crhmer,^®" '/.e., a 1:20,000 solution of Pheno- 
safraninc causes light to destroy effectively the latent image 
embedded in silver iodide, whilst a 1:2000 solution is without action; 
further, the desensitising powi^rs of such solution are, in the case of 
iodide, an inverse function of the concentration, whilst, in the casg of 
bromide, they are a direct function thereof. It would be of interest 
to knojy wlfethel*'any similar variations occur in the destruction of 
the latent image by light in the Freund desensitisation process as 
modified by F. F. lienwick.^“‘ Fort^ately the photographic indus- 
try is not dependent for its progress upon the theoretical ex])lanation 
of many of its most interesting and uselyl phenomena and, much 
as the scientific investigator w ho interests hiA^self in this subject 
deplores the present unsatisfactory condition of theory, ho cannot 
but realise that even if photographv^' has to be regarded as the 
outcome of haphazard rule-of-thumb experinv^ntation, it is proving 
itself of inestimable value in the sciences and playing a most 
important role in the instruction, amusement, and ennoblement of 
all civilised communities. When its products can be produced 
with the regularity and certainty which characterise other 
chemical industries operated on w’^ell- established and generaUy 
accepted theories, enormous expansion in its application may^e 
safely prophesied. 

^^^PhoL Ind., 1922, 195. 

J., 1920, 156t. 
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effec^i of physicefl condition of, on 
xforbonisation, 51. 
fractional carboniaation of, 22. 
heat value of docomi^osition of, 51. 
iroafh,^4. „ , • 

low-tomperaiuro carba^isati^n oi, 
17, 18, So, 21, 22. 47. 
rnineral matter in, J|3. 
nitrogen in, 31, 32^ _ • 

oils from 4ow -temperature distil- 
lation of, 21. 


origin <Jf, 29. 

productionBof hydroc^pbons from, 

78. • • • 

f>j^#duction of motor fuol from, 28. 
resins in, 30. ^ • 

resources, survey qrf* British, 36. 
k retorts for cflrbcjpisy;ig, 22. 
.•liwnpling of, 51. 
structure of, 3#, 35, 36. 
sulphur in, 31, 33, 37, 40. 
volatile matter in, 37. 

-'washing refuse, treatment of, 474. 
Coal fUsearch Association, Lan- 
cashire and Cheshire, 37. 

Coal Researc^i Instituii', Mulhoim, 
13, 27. 

Cobalt content of food, 451,. 

detection of, in ^ Lwnisri, 307. 

("oca leave*s, hydrolylic product* of 
the basics of , 489. 

Cocaine, butyn as a substitute for, 
499. 

r-Cocaino, resolution of, 490. 

Coconut oil industry, 272. 

Cod-hver oil, vitamin i onten(« of, 
279, 444. 

Coke, combustibiliry of, 19, ^3. 
cooling of, 56. 
low-iemperature, 17. 

* manufacture of, 46, 47. 

I nitrogen in, 32. 

-oven gas, 56. 

-oven gas, separation of hydrogen 
from, 167, 170. 

-oven practice, 50. 

-ovens, 23, 56. 

-ovens, disposal of waste liquors 
from, 173. 

-ovens, thermal dissociation of 
ammonia in, 174. 
structure of, 18, 19, 20, 45. 
removal of sulphur from, 62. 
Colloid -chemistry, 139, 465. 
and sewage disposal, 465. 
and the structure of stool, 226. 
of beer, 424. 
of corrosion, 243, 301. 
of paper sizing, 147. 
of rubber, 308. 
of tanning, 355. 

Colloid matter in soil, 378. 

mattpr in sugar juice, elimination 
of, 388. m 

mill, the Plauson, 6, 122, 295, ^96, 
" 32(M 465. • 

solutions, yield value of, 302. 
Colophenic acit||i, 291. 

Colophony^ commercial uses ot 
292. 

ColoriraeteA, 300. r aqq 

< iColorimetry, daylight lamps for, 438 
of paint, 300, 303.* 
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of tannin solutions, 352.', 
of vamislj, 305. • 

Colour, classificatton of, 300. 

Index, 84. •• 

photography, 516. 

Colour Users’ ssooiation, »3. 

Colours, tests, f OIL thfc light-fastness# 

of, 161 . ... ; 

Concrete, causes of Lisin tegrati on oi, 
209. 

methods of making. 209. 
Condensation, 91. 

Cooling machinery, 9. « 

Copals, effect of heat on, 304. 

Copper, electrolytic, 

metallurgy of, 2 * 10 , ^231, 232. 
ore, electric smelting ol, IaZ, zoo. 
sulphate, use of, in water pun- 
« ncation, 484. j 

Copra production, 272. 

Corrosion, 301, 483. 
electrolytic, 68. 
of iron and steel, 11, 228. 
of non-ferrous metals, 242. 
rOle of colloids in, 243, 301. 
Cotton, 108. 

bleaching of, lil, 160. 
cellmose, 146. 

copper value of, 112. , 

dyeing of, 154, 155. 
effect of heat on. 111. 
effect of scouring and bleaching 
on, 127, 160. 

fabrics, acidimetry and alkali- 
metry of, 128, 148, 161. 
fabrics, ash content of. Ill- 
grading of, 109. 
identification of, 112. 
internal stresses in, 153. 
mercerisation of, 110, 151. 
moisture content of, 111. 
removal of wax from. 111. 
separation of, from wool, 116. 
structure of, 108. 

Cotton Industry Research Associa- 
tion, British, 108. 

Cottonseed, imports of, 272. 

oil, fluorescence of, 277. 
Coumarin, 498. 

Creamery refuse, disposal of, 473, 475. 
Cresols, separation of, in tar acids, 71. 

use of, in motor fuel, 73. . 
Crotalarm 'juncea, 118. 

‘ Crystal growth in aluminium, .^40. 
Cryjitals, production of lai^e, 10. 
Cyanine dyes, 104, 

antiseptic action <|f, 509. 

- * as. photographic sensiHisers, 509, 

t *617 

CJyolohexanol, use of, in^haotor fuel, 
73. 

Cystine, use Qf,«in feeding sheep, 113. 


Defechtion of ^ar juices, 388. 
Bekalin as a turp^tine substitute, 
307.* * 

©ermatitanw* 503. 

Diaminophenol eplutions, stabiiisa- 
rtion ofy ^1. , 

Diastase, 1 A. , ; 

Diet, value of protem m the, 44i. 
Diffusion plant for sugar factories, 
399, 400, 401. f ‘,0- 
Digitalis group, cjjemistry of, 496. 
Diglycollic acid, imide-ethers of, as 
sweetening agents, 602. 
Dihydroxyanthraquinones, • manu- 
facture of, 86. 

Dinitrotoluidines, new, 87. 
Distillation, 12. ao i-o 

of ammoniacal liquor, 60, 173. 
of crude oils, 76. 
of tar, 68. ^ 

Dispersoids, manufacture of, 296. 
Dithiocarbainates os rubber a^cel- 
eratow, 326. 

Dolomite earthenware, manufacture 
of, 199. 

Doppl^rite in peat, 35. . 

M Doucil,” use of, for softening 
water, 486. 

Driers, 276, 284, 286. ^ 

detef'tioit of, in oils and varnish, 

• 307. I 
Dryers, tunnel, 202. 

^^^aratas for barley and malt, 488. 

volume of air required for, 12. 
Drying oiH 

Dulciii, derivatives of, 602. 

Durain, 34. ..... # 

Dust, electrostatic precipitation oi, 
164, 269. 

Dyeing of cotton, 154. 

of wool, 156. 

Dyes, 83. 

accelerating action of, on ph<W)* 
graphic developers, 621. 
azine, 98. 

azo, 94, 98. r ...ta ans 

bactericii^il action of, 470, 60»f 

chemical constitution and «nti* 
« septic action of, 470, 608» 

, cyanine, 104. • 

* cyanine, as antiseptics, 59V. 
cyanine, as photc^ajyM^ 
tifers, ^9, 617. 
direct cotton, 96. 
indigoid, 1^3. m aa 
'intermediates ^or, 97, Vbj 
• * natural, 105. 
oxazine, 98. 
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sulphide, 9^, 

thi^sine* 98. 

triarylmethaiiL, ^ 

use of, as photiigiaphio sensitiBerS) 

106 , 61 i 8 . - • 

vat, 100. •• • 

Dyostufte Advisorji Licensing Com- 
mittee. 83. ^ • 

{Import Kegplation) ifctT 83. 
industry, 83. 

Industry Development Committee, 
83. • • 

Dye-toning proce8| of colour photo- 
graphy, 616. 


E. 

Earthenware, manufacture of dolo- 
mite, 199. 

Eogonine, 489, 

l^gg substitute, hydrogenation of 
fish roes to yield an, 458. 

Elac^teario acid, 277. 

Elastiii, removal of, from slfin, 344. 

Electric-furnace steels, 245. • 

Electric furnaces for annealing cast- 
ings, 258. • ' 

for making carbide, 262. 
for making steel, 252. 
for refining iron and steel. 253. 
high-frequency, 258. * 

operation of, 255. * 

rotating, 257. ^ 

single-phase, ^55. 
smelting copper ore in, 262. • 
smelting iron ore in, 246. 
smelting zinc ore in, 234, 259. 
treatment of alloys and non- 
ferrous metals in, 246, 256. 

Electric heat, generation and use of, 
259. 

smelting, thermo -chemistry and 
economics of, 248. 

Electrochemical industry, 246. 

El^-trochemistry, organic, 246. 

Electroculture, 377. 

Electrodes, carbon, manufacture of, 
266. 

^ self -baking continuous^ 268. 

I'loctvolytic irpn, physical properties 
of, V, 249. • 

refming of metals, 246. 
treatment of sewage, 463. • 

, zinc, 234, 260. 

EIoctro-oMSioSfii* of orgjuiic liquids, 
^ ® . 

proceel for treating coal-washing 
rehjse, 474, m 

Electrostatic precipitation of dm«#t 
and fume, €64, 26». 

ElutriatoWi 297, 298. 


I Empire Motor Fuels Committee, 28. 
I Enamel,* adhesive capacity of, 207. 
fish-sqaling of, 206. 

insulating 4oor |or, 203. 
Enzymes, 431. • 

catalysis and the^action of, 431. 
« chemistry ol the action of, 432. 
• iffect of filtration on, 432. 
proteoljrtic, 436. 
starch-splitting, 124, 13‘±. 
use of, in the textile industry, 124. 
Essential oils. See Oils. 

Ether ate an anaesthetic, 498. 
Eucalyptus, oil of, 496. 

“ Eulan,” 11.5. 

Evaporation, 12, 166. 
l^lvaporators ffir cane 5^3. 

Explosives manufi^t^'^rd', acid mixing 
for, 177.* , 

Explosives Supply, Technical Re- 
cords of, 177, 183. 


E. 

Fabrics, acidiinetry aitd alkalimetry 
of, 128, 148, 1711. 

<le-8izing of, 124. 
fireproofing of, 128. 

* moth-proofing of, 160. 
sizing of, 161. 
testing of, 124, 126, 161. 
thermal conductivity of, 128. 
waterproofing of, 128. 
wearing properties of, 127. 

Faraday Society, 9, 139, 297. 

Fat-hardening industry, 281. 

Fats, causes of rancidity in, 275. 
hydrogenation of, 281. 
physical and chemical properties 
of, 287. 

Fatty acids, preparation of, from 
hydrocarbons, 273. 
spontaneous ignition of, 278. 

Federation of British Industries, 13. 

Fermentation, acceleration of, by 
ultra-violet rays, 435. 
effect of vitamins on, 435. 
industries, 414. 
of cellulose, 136, 439. 
stimulants of, 436. 

Ferric oxide, varieties of, 303. 

•Ferro-alloys, 251. ^ 

Fertilisers, 369. 

» analysis of, 366. 

calcareous materials as, 375. 
carbon dioxide as, 377. 
economics use *of, 360. 
field trials of, 365. 
magnesiufti salts as, 375. 

tf nitrogenous, 361. 
organic, 374. 
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phosphatic, 360. 
poiaBsic, ^71. • 

sewage sludge- fe, 469, 4i0. 
sulphur las, UCS. 
synthetic, 245. 
towns’ refusb.as, 480. 

Fibres, 107. , . * 

examination of, 107. 
improvement of j)^y8ical characters 
of, 114. 
now, 120. 

physical properties of, 109. 
structure of <iotton, 108, 117. 
substitutes for, 120. 
testing of, 118. , 

Filter presses, standards for, 298. 
Filters, artificial biological, 463. 
for treatiing sugar juice, 389, 390, 

< 391, 405. 

Filtration, rapid, of water, 484. 
Finishing textiles, 160. 

Fireclay, behaviour of, on heating, 
198. 

Fire extinguishers, 10. 

-eytinguishing materials, 10. 

-place, domestic, 15, 16, 17. 
-pro|>fing*of fabrics, 128, 160. ^ 

Fisli-liver oils, composition of, 280. 
-liver oils, vitamin content of, 273, 
280. 

-oils, cause of odour of, 275, 

-oils, origin of petroleum from, 74. 
preservation of, 458. 
scales as a means of identifying 
fish in foods, 449. 

Flax, identification of, 118. 
pectic sub.stances of, 119. 
retting effluents, disposal of, 473. 
structure of, 109, 117. 

Flotation process for Chile nitrate, 

10 . 

process} for coal, 10, 24. 
process for lead ores, 236. 

Flour, vitamin content of, 446. 
Flumerin, 507. 

Fluorescence of cellulose, 129. 

Fly agaric, toxic constituent of, 494. 
Foams for extinguishing fires, 10. 
Food Investigation Board, 441. 
Foods, 441. 

absorption of fumigants by, 458. 
canned, 446. , 

canno^, inspection of, 447. ' ' 

c^alt content of, 459. 
d^Qction of sulphites or sulphur 
dioxide in, 455. 

determination of h^iric acid in, 456. 
estimation of starch inf 455. 
identificdtion of fish in, 449. 
magnesium aminpniuMJ phosphate 
in, 449. - 

nickel content of, 459. 


poisoning due‘fo,f4^8. 
fFreservation of, 457. 
vitArrfins in,‘'443, 446. 
Porraalddhydo, pKdjtosynthesis of, 29. 
Foundry 'practice, 223. * 

♦France, “ I^otional ” motor fuel in, 
73. , 

potash dmlustry in, 17/1. 

Froth -flotation proct^s of cleaning 
coal, 10, 24. 

recovery of nitrate from caliche 
by, 10. * 

Fruit juice, eifoct^.of acidity on the 
jollying of, 4.56. 
storage of, 450. 

Fuel, 13. 

combustibility of, 43, 45. 
domestic, 15. 
economy, 13, 72, 204. 
fall in prices of, 13. 
gaseous, 38. 

heat- change? of carbonisation of. 
29. 

liquid, 27, 72. 
inotoii 80. 

inoto^, butyl aleohol as, 73. 
molor, production of, from coal, 28. 
“ National ” iiiotorf in Franco, 73. 
4 powdered, 25. 

process for burning pulverised, 204. 
recovery of, from ashes and 
olinkef, 25. 
sewage sli^ge as, 25. 
syiokelesB, (45, 19, 44. 

Fuel KeSeare.h Hoanlr 15, 16, 20, 21, 
3h, 37,- 47, 48, 49, 63. 

Fume, electrostatic precipitation of, 
164, 269.« 

Fumigation, 458. 

Furfuraldehydo, production and. uses 
of,l42. 

Furnaces, blast. *See Blast-fumace. 
electric, 246, 252, 253, 265, 256, 
257, 258, 262. 

electric, electrodes for, 266, 268. 
electric, for smelting ores, ^ 2 , 
234, 246, 248. 

glass, tank-blocks for, 211. 
improvements in, 8. 

Fusain, 34, f 


G. 

« 

Gas analysis, 65. 

burners, 66. rc c 

calcfific ’milue of, 38. . 
carbon monoxide in, *S9, 
coke-oven, ^56. 

' dbke-ovon, BO]paration of hydjpogf® 
from, 167, no. ' 
combustion of, 66, 
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efficient qJijir^tiuction of, 40. 
-fi|p, emciency of, 67. *• 

electrostatic cleaniftg,of, 170. 
heating of watelr with, 66. 

-holder plates, corrc^ioA of, 67. 
mantles, 67. * 

meters, life of, 67. 
pipes, <jprro8ion of, 67.^ 
production, celect-rioai heating for, 
49. 

production of, from house refuse, 

480. • » 

production of, ^orn powdered fuel, 
25. 


I induAry, 184, 185. 

-melting iamaces, tank blocks for, 
2U. • . 

•j#olting of, 187. • 4 

nicthods of working, 195. 
nature of, 185. 
i now typ6>s clf, 188. ^ 
i • f optical, 193. 

optical, duraJlility of, 189. 
physical properi-ios of, iSb. 
mbbor as a substitute for, i 
testing of, 191, 192. 
tubing, mechanical production of, 
196. 


propagation of flame in mixed, 41. 
piiriftcation of, with charcoal, 58. 
recorder fon carbon monoxide and 
dioxide in, 65. 

removal of hydrogen sulphide 
from, 62. 

removal of naphthalene from, 57. 
removal of tar components from, 
57. 

^torts, carbonisation in, 50. 
retorts, steaming in verti^l, 52. 
storage of fruit in, 4i50. » 

therm system of (diarging for, 63. 
water-, 54. • 

water-, iron carbonyl in, .55. 
works, disposal of waste liquor 
from, 173, 473, 475. 
las Regulat-ion Act, 38, 

Jases, bag-filtration o^ 165. 
flame temperatures of , 66. 
rate of solu^on of, 471. 
solubility of, in rubber, 321. 

Icl -strength, measurement of, 357. 
lelatin, gold value of, 358. 
manufacture of, 358. 
solutions, viscosity of, 357. 
swelling of, 356. 
tanning of, 356. 

Germany, agricultural 'consumption 
of fixed nitrogen in, 169. 
nitrogen -fixation industry in, 361. 
potash industry in, 371. 

Ginger, oil of, 496. 

Glands, ductless, chemistry of the 
secretions of the, 493. 

Glarimeter for measuring the gloss on 
papers, 148. 

for testing texflles, 121, 127. 

Gloss, action of reagents on, 188. ‘ 

annealing of, 186i • 

nhemioal composition and dura-* 
bfli^of*J90. 
colourless. 187. 
cuttiflg 194. 
drawing of sheet, 1^. 
durability of, 18^ 192, 193. 
gr^ng oft 202. ^ ’ 

grinding and poliahmg, 194. 


Glaze colour^, 208. 
freak, 207. 

Glazing of ct^amic produ i-s, 2C5. 
Glucina from b ryl, 18(). 
/-Gliieosut^, 135. 


Glucosides, 495. 

Glue industry in India, 357. 
inanufacturo of, 358. 
vegetable, preparation of, 413. 
Glycerides, composition of, 279. 

Gold compoimds, thorn /eutic use of, 
506. 

cyanide process oxftacting, 237. 
“ liquid,” 207. 
metallurgy of, 230. 
production of the Rand, 236. 
Grayie-soed oil, 278. 

Graphite fiigments, 304, 
pro))erties of, 268. 

Grinding, fine, 5. 

fine, effect of, on the availability 
of phosphates, 369. 


H. 

Hair, felting properties of, 116. 

moth-proofing of, 115. 
Halogenation, 88. 

Heat insulators, 9. 

transforonco, 11. 

Heating, electrical, 259. 
methods of, 78. 

processes, control of industrial, 12. 
Helio tropin, 497. 

Hemp, Bombay, 118. 
identification of, 118. 
structure of, 117. 

Sunn, 118. 

Hexadecane, catalytic oxiuavioy ux, 
274. 

Hexamothylengtetramine, 324. 

Hide, bacteria in, 341. 
curing of, 340. 
effect of chemicals on, 342. 
inicrosoopicol investigation of, 339. 
Histamine, 493. 

• 
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^Holocaine, 500. . r 

Hops, chemical constiti^ion of, 4Z0. 
cultivation of, *485, 427, 4^1. 
deterioration «f, during stofa^e, 
430. 

diseases of, 4£^. 
research on, ,425. * 

Hormones, isolatioii of, 493. ^ t • 

Humic acid, transfolmation of, into 
petroleum hydrocarbons, 74. 
Humidity, measurement of, 108. 
Humulon, 426, 430. 

Hydrocarbons, oxidation of, #90. 
preparation of fatty acids from, 
273. 

production of, from coal, 78. 
synthesis of resins Vrom unsatu- 
rated, 295. 

Bjpithesis of rubbor-like Substances 
from, 315. 

synthesis of waxes from, 281. 
Hydrocellulose, identification of, 13o. 
Hydrochloric acid, 178. 

recovery of, from waste pickle 
^iquor 474. 

Hydrocupreine, derivatives of, 4»i. 
Hydro(jyanit acid* gas as a fumigant, 

r a AC> 

Hydro-electric power, price of, 24b. 
Hydrogen, industrial, 179. 
production of, 53, 167, 264. 

•ion concentration and water 
softening, 483. 

-ion concentration in brewing, 421. 
sulphide, removal of, from gas, 62. 
Hydrogenation of fats, 281. 

of fish roes to produce an egg 
substitute, 458. 
of phenols, 28. 
of rubber, 314. 

Hydroquinidine, 493. 
Hydroxyalkylamines, benzoyl and 
tropyl esters of, 489. 
Hydroxyquinoline, use of, as a 
coupling component, 96. 
Hygrometer, portable dew-point, 9. 
Hygrometry, 108. 

Hyoscine, constitution of, 488. 
Hypnotics, 500. 

I. 

I^dene, ^dduction of, from coal-tar, 

Tndift . rubber. Sm Rubber. • 

India I^ubber Regulations, 331. 
Indigo, 101. - 

c ’Institute of Brewing," 416^ 425, 430, 
438, 

Institute of Metals, ^42.^ * 
Xnstitution oi Civil Engineers, 229, 


Institution of Gab ^gineers, 39, 64, 

^ .t 

Institution of Mechanical Engineers, 
e237. * ' f 

Institution^ of Rubber Industry, 308. 
Institution fif Sanitary Engineers,- 
462. , r 

Insulin, pwparation of, 49^. 
Intemationar Labour Conference,299. 
In termediates for making dyes, 97, 
98. 

Inulin, composition € if, 134. 
lonamines, 158. ^ 

Iron, acid attack on, and corrosion, 
229. 

cadmium plating of, 266. • 

-carbon system, constitution of, 
226. 

carbonyl in water-gas, 55. 
castings, action of sulphur trioxide 
on, 183. , . 

castings, variable composition of, 
223. 

corrosion of, 228, 486. 
direct (production of, 219. 
electrolytic, 245, 249. 
electrolytic, effect of heat-treat- 
miint on, 250. « 

A electrolytic extraction of, from 
pyrrhotite, 250. 

electrolytic, preparation of alloys 
of, 250^ 

efbctrol^ic- refining of, 249. 
grey, production of electric, 249 
-ore smelting in Ca^fomia, 247. 
ortis, electro -thermal smelting of, 
246. ^ 

physical froperties of, 223, 249, 
preservation of, with paint, 301. 
production of cast, from scrap, 
248. „ . 

production of, in the unitea 
Kingdom, 216. 

removal of, from water, 484, 486. 
synthetic cast, 248. 
tannage, 351. 

X-ray spectroscopy of, 227. 

Iron and Steel Institute, 228. 
Isocyanines, 517. 

Iso -eugenol, -preparation of vanUUn 

from, 497. 

Isohaematoin, synthesis of, 106. 
Isopropyl alcohol in motor 
Isoquinoline Red» as a photograph® 
sensitiser, 618. . 

Italy, electric furnace ,^ee|8 Wi 


I Jellying of fruit juice, 4^6. 
' .Tutfl. structure of, 117. 
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Katharometer, 65. 

Kerites, 75. • * , 

Kilns, continuous ^nn^ilar muffle, 
204. * * 

continuous cliombor, 204. 
insul8^ing door for 20lf. 

refractoryjiinings for lime, 212. 
tumid, 303. 
tunnel and round, 205. 
Kinemakigrapfly, 512. 
stereoscopic, 113. 

synchronisation of picture and 
sound in, 51jf. 

Krysdlgan, 506. 

L. 

Lacs, constitution of, 293. 

Indian trade in, 293. 

Lactalbumin, recovery of, from whey, 

* 472. 

Jjactose, preparation of, ftom whey, 
454, 472. * 

Liovoglucoaan, polymorisa^icr. of, 
135. • 

Lakes, soluble metallic, 95. , 

Latex. See Rubber. 

Lead, action of natural waters on, 
486. ’• « 

compounds, estimation and analy- 
sis of, 304. • • 

cointioundsiin rubber manubjipturo, 
.321. * 

detection ol, in varnisli, 307. 
metallurgy of, 236. ♦ 
jjoisoning, 299. 
use of molten, for heating, 8. 
white, controversy on the use of, 
299. 

Leather, acidimeiry of, 354. 
analysis, 352, 353. 
ating of, 342, 344. 
hromo, 336, 338, 3.50. 
iduatry, 334. 
machinery, 337. 

manufacture, literature on, 3.18. 
microscopical investif^ation of, 339. 
soaking nnd liming of, 340. 
sole, 346 
spues of, 362 . 

tanned, 351. * • 

Leather Manufacturers’ Research As- 
sociation, British- 338? 342, 351. 
Light, effgpt on rickew of, 443. 
ultrfl -violet, effect on rickets of, 
i44. / , . 

Lignified materialf colour reactions^ 

^r, 14^. • 

tissue, detection of, 119. 


Lignin, straw, 141. 

methylcftion of, 14]» 

Lignifis, chemiftr^ of the, 140. 
*Lignite, 26. • * 

distillation of, 27. * 

oxidation ^f, uiffler pressure, 27. 
up-grading of#60» 

^Liignosulphonm acid, 146. 

Lime kilns, rcft’actory lir hi" , lor, 212. 
liquors, 341. 

Linen Industry Research Association, 
117. 

Linollb acid, structure of, 275. 
Linoxyn, 285. 

Linseed oil^ drymg of, 276, 285. 
oil, oxidt|^-ion of, 285, 
supplies of, 271. « 
vitan^ii A in, ?73. 

Lithopone, cause of instabilfly to 
light of, 303. 

Liquids, dispersion of, 5. 

Lobinol, 505. 

Lubricating oils, 70, 81. 

Lubrication, theory of, 81. 

Lupulon, 426. 

Lumbang oil, 28^ 


M. 

Machinery and plant, 5. 

Magnesium carbonate as a filler for 
rubber, 317. 

])roduction of, 264. 
salts as fertilisers, 37.5. 

Maize oil, 278. 

Malt, analysis of, 437. 

apparatus for drymg, 438. 
diastatic power of, 125. 
enzymes of, 431. 
proteolytic enzymes of, 433. 

Malting, 417. i. • x i 

Manganese, consumption of, in steel 
manuftwturo, 222. 
detection of, in varnish* 307. 
presence of, in marine organisms, 
459. 

violet, 303. 

Manures. See Fertilisers. 

Margarine, di'tormuiation of benzoi( 
ac id in, 456. 
industry, 271. 

Matorialpriifungsamt, 207. ^ - 

Moat,* analytical differentiaticti be 
tween ftesh and cold-stored, 442 

Medical Research Council, 279. 

Mercerisation, 110. 
of cotton, 151. 
of ramie, 154. 

Mercury compounds m therapy, oO 
use of, for heating, 8. 

» 2n 
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Metal parts, electro -deposition on 
worn, 266.* ' 

Metallography of steel, 225. 
Metallnr^ oroopp6r, 230. 
of gofd, 236. 
of iron, 217. 
of lead, 236. 
of nickel, 233. 
of silver, 236. 
of tin, 233. 
of zinc, 234, 259. 

Metals, brittleness and fatigue in, 224. 
colloidal state in, 226. '* 

electric heat -treatment of, 259. 
electrochemical methods of pro- 
ducing pure, 245. r 
grain growth in, 240. 
mechanism of hai^ness of,* 224. 
non-ferrous, 230. 
non-ferrous, corrosion of, 242. 
non-ferrous, electric furnaces for 
treating, 266, 257. 
protection of, against oxidation, by 
calorising, 11. 

protAjtion of, by paint and varnish, 
300. « . 

reorysttllisation in, 240. 
volume changes of, on molting, 244. 
Methylcoumarin, 498. 

Methyl cyanoforraate as a fumigant, 
458. 

Micro-organisms, action of ultra- 
violet rays on, 436. 

Milk, condensed, chemical changes in 
stored, 454. 

depots, disposal of liquid waste 
from, 472, 473, 475. 
flash sterilisation of, 453. 
non-protein nitrogenous constitu- 
ents of, 464. 
pasteurisation of, 451. 
preservation of, 463. 

Mul, Plauson colloid, 6, 295, 296, 
320, 465. 

Premier, 6. 

Monazo dyes, 95. 

Montan wax, composition of, 280. 
Montanic acid, 280, 

Moth-proofing fabrics, 160. 

Motor fuels. See Fuels. 

Motor Fuels Committee, Empire, 28. 
Muscarine, 494. 


N. 

Naphthalene, removal iof f^m gas, 
67. 

1.4-Naphtholsulphonic aejd, pro- 
duction of, 86. • 

Naticmal Physical Laboratory, 184, 
191. 192i 300. 


Nickelichromium allbya; £44. , 
coating steel with, 233. 
content ^f foocu, 459. 
metallqrgy of, 233. f 
steel, manh^^ture of, 223. 
use of, in plant construction, ll. 

yiobium compoundsf in therapy, 607. 

Nirvanol, sjfitlffisis of, 601. , 

Nitrates, estimation of, ki soil, 382. 

Nitration, 86. 

Nitric acid, mixing of, with sulphurio 
acid, 177. * 

manufacture of, 176. 
synthesis of, by gaseous explosions, 
170. 

Nitrobenzene, catalytic reduction of, 
87. 

Nitroccllulosea, 139, 140. 

Nitrogen, consumption of fixed, in 
Europe, 169. 

cycle m the activated sludge 
process of treating sewage, 374, 
470. 

estimation of, 366, 438. 
fixation bf, 166, 169, 361. 
in coal 4nd coke, 31, 32. 
in cok^j recovery of, as ammonia, 
69. 

, Oxides, production of, from 
ammonia, 175. 

Nitrogen Products Committee, Report 
c? the, iS6. 

Nitrogenous fertilisers, 361. 
dermnd for, f62. 

p-N it^phenylliydrazind, production 

Nitrous oxido as a food preservative, 
458. ^ 

as an ancesthetic, 499. 

Novocaine, derivatives of, 499. 

Nutrition, value of protein in, 441 . 


O. 

Oil and Colour Chemists' AssociationT 
292, 297. 

Oil, candle nut, 288. 

Chinese wood, 276. 
cod-liver, mfinufacture and vitamin 
content of, 279, <444. 
cottonseed, fluorescence of, 277. 
•fields, economy in, 76. 
gtape-seed, 278, * 
linseed, 286. 
lumbon^, 28f, 
maize,(278. *' 
perilla, 277, 
rqWber seed, 3fT7. 
samower, 277. * 
shale, productcon in Qi4a1< 
of, 72. 
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B03ra«behit»ie79! 288. 
fliQg 286, 287. , . , 

Oiliness, measurpmeni 
Oils, aoidimetifr of, 286. ' , 
blQwinl; of, fatty, .^|5r 
causes of rancidity m, 27.5. 
classification «f mineral, 11 
crudetomineral, treE^m^nt oi, io., 
cracking of, 55, 78. 
dehydration of, 77, 304. 
drymg, 287. 

drying, catafyliic oxidation of, 282, 
283. • 

drying of, 275. ^ 

drying, production of from* mineral 
and semi-drying oils, 288. 
essential, 496. 
fish, cause of odour of, 276. 
fish-liver, composition of, 280. 
fish-liver, vitamin content of, 273, 
280. 

fuel, impurities in, 70. 
from low- temperature distillation 
of coal, 21. 

lubricating, 70, 81. t 
lubricating, methods foi^incroasing 
the viscosity of, 81. * 

mineral, 'ffi. 

oxidation of, 82. » 

physical and chemical cnaracter- 
istics of, 287. 

polymerisation of fatF^, 286.* 
removal of sulphu^from, 7 7. 
vegetable, fat-sol^lo vitamin A. 

in, 272. • « 

vegetable, industry, 27l. 

Isoeds, supplies of, 271. 
vitamin A m, 273. * 
cum plants, operation of, during 
the war, 182. 

)pau, explosion at, 169. 
l^no-metallic compounds, 506. 
v..jcine, constitution of, 488. 

Osmosis, electrical, 130, 474. 

. purification of clays by, 197. 
Oxazine dyes, 98. 

Oxyeellulose, nature of, 135. 
tests for, 101. 

Oxygen enrichment in blast-furnaces, 
219. t 

f.uictior. of, i^ corrosion, 243. 

production of, 264. 

•* ’ 


P. 


Paint, application oil 303. 
consisWey of, 602. 
durability of, 301# 
exposure tests of, 304. 


industry, 

pre6erv3fcion of iroit with, 301. 

, ^rdtective vd!life of, 3|1>0, 301, 302. 

•» titanium as a {figmeixt in, 207. 

. yield value of, ^2. • 

wet and dry rutfbing down of, 299, 
300. # • 


Paper, 146. ^ 
de-inking of newsprint, 7 
filter-, colloidal character of, 130. 
materials for coating, etc., 142* 
-mftking materials, 146. 
making, use of bentonite in, 142. 
mills, slsream pollution by waste 
from, ^76. 

pulp, bleaching of, 144. 
pulp,* convention of sugar-cane 
refuse into, 144. • 

pulp, degree of digestion of, 144. 
pulp, effect of various factors on 
the manufacture of, 146. 
pulp, materials for sizing, 147. 
rubber latex os a sizing material 
for, 124, 147, 310 ♦ 

sizing with rosgn, co^ioid chemistry 
of, 147. ♦ 

testing of, 142. 

Porafthi wax, oxidation of, 274. 
removal of, from sizes, 123. 

Paraffins, determination of, in coal 
gas, 65. 

Pasteurisation of milk, 461. 

Peat, carbonisation of, 26, 60. 
deposits, utilisation of, 49. 
do-watering of, 26, 60. 
resources of Ireland, 26. 

Peotic substanoes in plant tissues, 
119. 


Pectin content of apples, 461, 
hydrolysis of, 461. 

Pentosans, estimation of, 119, 142. 
Pepper, black, pungent principle of, 
604. 


cayenne, pungent principle of, 603. 
Perilla oil, 277, 287. 

Petrol, alcohol as a substitute for, 
27, 28. 

Petroleum, desulphurisation of, 77. 
industry, 72, 73. 
origin of, 74, 76. 
reding of, 7, 76. 

Petrolite, 75. 

Phei^anthrene, estimation of,^l. 
Phenol, condensation products of, 
91. 320. 

contej^t of Ammoniacal liquors, 174, 
estimation of, in tar acids, 71. 
nitration of, 86. 
separation of, from tar oil, 71. 
Phenolic compoim^ in road wash^ 
ings, 476. 
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Aienols, condensation of, 295. 
hydrogenati#!! of, 28. 
sulphonation of, *8*. . 

Phenosafranifle, 5111, 530. - 

Phosplftites, agricultural availability 
of, 368. • » 

analysis of, 37i. % I 

citric-solubility of, 369, 371. 
effect of lino grinding on tlio avail- 
ability of, 369. 

Einpiro resources of, 368. 
estimation of, in soil, 381. 
mineral, fertilising value of,' 366, 
368. 

Nauru, 368. • 

production of soluble,^ J70. 

“ Phosphazote, r 169, 365. 

Phosphoric acid, nnfliufacture of, J6o. 
Photcfgraphic aftcr-troatinents, 0-3. 
colour pro(;essos, 515. 
developers, 521. 
development, 520. 
dosensitisation, 518, 530. 
emulsions, stability of, 517, 527. 
filmd^ non-inflammable cellulose 
esters foi% 514.*, 
fixatioi, 522. 
industry, 510. 
latent image, 530. 
literature, scientific, 511. 
mechanical processes, 524. 
plates, washing of, 522. 
radiography, 525. 
sensitisers, 517. 
sensitisers, cyanine dyes as, lOo, 
509. 

toning, 523. 

Photometer for testing fabrics, 12 1 , 
127. 

Photometry of paper, 142. 

, Photosynthesis of carbohydrates, -9. 
of formaldehyde, 29. 

Phthalimide, production of, from a- 
nitronaphthalene, 91. 

Pigments, analysis of, 304. 
artists’, durability of, 300 » 
fineness of, 296. 
lead, 321. 
rubber, 318. 

Pinabietic acid, 291. 

Pinacyanol, 518. 

Pinaflavol, 518. 

•Pinal^pt^, 519. 

Piperim, 504. r 

Piperanal, preparation of, 497 
Pipes, corrosion of, 11» 67. 

Pitch CMicer, 69. 4' 

. melting point of, 438. 

Pl^nt and machinery, 6. , 

materials for constmetmg, 
Plants, absorption of iron by, 119. 
nature of twsue\i of, 136. 


peotic substances in,«i49. « 
renfcvAl of intrusting substaAiea 
in, UV • . ^ 

vitami^j A^in, 444. ^ 

Pnlyainyloso'a^Vj2- • 

Polymerisation, theory ot, 286. 
•Polysaccharides, corfstitution of, 132. 
Pprt?e!ain, cj^eiriical, 200. « 

testing machine for, ^>8. 

Pottery, crazing of, 205, 206. 

iniinufactiiro," losscs^in, 199. 

Potash, detorrnination of. 373. 
estimation of, in scil, 381. 
industry in (lermaiiy, 371. 
production of, in the United ^tatos, 
179, 372. 

seaweed as a source of, 37.3. 
silicate rocks as a source of, 373. 
Potassium bromide, dofiressent action 
of, on photographic developers, 
.521. 

Powders, tine, gilding of, 297. 

Printing of textiles. 159. 

Prooling textiles, 160. 

“ Protectf^i,” 114, 146, 15(). 

Protein. Iftological value of, 441. 

vogetoiile, origin of, 29. 

Proteolysis, 433. „ * , 

«Pmp. under Wood, ctUo Paper. 
Pimgent principles, 503. 

Pyrites burners, 183. 

uscfcof, irf making sulphuric acid, 

Pyros^lin plaStics, production of, 
1 ?' 9 . * 

Pyruvic acid, fermentation of, 437. 

Q. 

Quinine, arsenic derivatives of, 491, 
492. 

consumption of, 490. 
derivatives of, 491. - 

Quinidino, therapeutic use of, 493. 

H. 

Badioactivitytof water, 487. 
Radiography, 525. 

Radium, recovery of, 

Ramie, raercerisati^n of, 164. 

, structure of, 117. 

Rectification, 12. 

Refractories, 197, 
chromt, 210.^ 
effect of, on the quality-of 
.products, 2?\4. 
faimre of, 212, 2F13, 214^ 

' industry, technical education ^ 
the, 216. 
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moulds • 

mAohanioal properties of,j212.* 
silica, 211, 213.. • 

thermal condifctivity o^ 2J4. 
wealiherftig of, 210. 

Refrigerating machinery, 9. 

Refuse, animal, ufllisaticm of, 474. ^ 
disposal of liquid traflci 472. , 

production ^f fertilisers from, 374. 
town’s, as manure, 374. 
town’s solid, 479. 

Rosin acids, constitution of, 289, 291. 

varnish, causesio/ turbidity in, 305. 
Rosinates, production of metallic, 

2 ^ 9 . 

Resins, artificial, compared with 
shellac, 294. 

chemical properties of, 283. 

Indian trade in, 293. 
purchasing specifications for, 292. 

, synthetic, 294, 295. 

Ret liquors, disposal of, 120. 

Ketones, hydrogenised, 289. 

Rstorts for carbonising coal, 22, 48. 
for oil shale, 22. ^ 

“ fusion ” patent rotary, 8. 
horizontal, carbonisation ,>oC coal 
in, 50. • 

vertical, steaming in, 52. 

Rickets, causes and cure of, 4<i3. 
Rivers, pollution of, 475. 

Rivers pollution, Royal Co mmbsion 
on, 462. I 

Rosin, constitution of,* 289. • • 

sizing, collotl chemistry ^of, 1*47. 
Rubber accelerators, 323. 
agoing of, 322. 
analysis of, 330. 
cellular, 333. 
colloid chemistry of, 308. 
colour as a criterion of sheet. 314. 
compounding ingred'^nts, 317. 
constitution of, 314. 
dirt in, 314. 

^ffect of coagulants on, 312. 
effect of heat on, 322. 
estimation of sulphur in, 331, 332. 
expanded, as a heat insulator, 9. 
forms of sulphur in, 331. 
hydrogenation of, 3141 
latox, estimatiejn of rubber content 
of, 312. 

lAtex, preservation of, 311. ^ 

latex, uses of, m paper raakmgp 
0*0., 124, 147, 310. 
late.., ^fulctfhisation af, 3ll. 
micrftscopic oxaminafion ol| 314. 
mineral, 318. 

output of crude, ZOi, 309. 
moulds on sheet, ^13. 
phjwioal properties of , 321. 
pigments, 318. 


preparation of raw, 312. 

-seed oil, ^77. • 

, jolting of shle^*, 313. > 
isolubility of gas4i in, 321. 
fiolubility of ..ulphpr in, 322.* 
synthesis oL 3 15.* 
testing of, 328. # • 

"use of, in making substitutes for 
glass, 333.^ 
variable yield of, 313. 
vuleanisation of, 318, 332. 

Rubber and Tyre Manufacturers’ 
Rft^oarch Association, British, 
308. 

Rubber Growers’ Assoc iation, 308. 


S. 

Saccharification of cellulose, 439. 
Saccharin, analogues of, 502. 

production of, 503. 

Safeguarding ot Industries Act, 163. 
Safflower oil, 277. • 

Salt solutions, boi^g points of, 12. 
Salvarsan, 505, 507. • 

Sand, suitability of, for filtering 
water, 485. 

Sanitation, 460. 

Santonin, 497. 

Sapogenins, 495. 

Saponins, 495. 

Scandinavia, eloctro-thormal smelt- 
ing in, 246. 

Soheole’s green, 304. 

Scillaron, 495. 

Scopolamine, 488. 

Seaweed,* derivation of Mexican 
petroleum from 75. 
recovery of potash from, 373. 
Selenium, use of, in glass making, 187. 

oxy bromide, 136. 

Sericiii, preparation of, 116. 
Sesquiterpene group, constitution of, 
496. 

Sonsitol Rod, Green, and Violet, 609. 
Sewage, activated-sludge treatment 
of, 374, 461, 464, 465, 466, 467, 
468, 469, 470, 471, 473, 488. 
bio flocculation treatment of, 464. 
disposal, colloid chemistry and, 
465. 

disposal, dilution as a xuowiilKl of, 
462. • 

disposal in the tropics, 471. 
disposed, K^yal Commission on, 

462, 473, 478. 

effluentil, standards for, 478. 
electrolytic treatment of, 463. 
removal of suspended noatter in, 

463. • 
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sludge, de-watering el activated, 
409. 4> * 

sludge, ds’ bactericides, fqr 

activarad, 476. # 

sludge, gasificfition of, 465. 
sludge, use of, As fertiliser, 374, 469, 
470. • % 

sludge, use of, as fuel, 25. 
treatment of, on land, 463. 
works, disposal of waste ammoni- 
acal liquors in, 174. 

Shale oil, production of, in Great 
Britain, 72. ♦ 

Shea butter, 272. 

Shellac, purchasing speciScations for, 
292. * 

solubility of, in alkalis etc., 294. 
trade of India, 294. r 
Silicfii bricks, testing of, 212. 
crystalline modifications of, 199. 
filaments, production of fused, 208. 
gel, 6. 

presence of, in amylocellulose, 431. 
refractories, 211, 213. 

, Silicidos product as an absorbent, 180. 
Silicon-afuminium«alloys, 238. 

Silk, lie. 

artificial, 121, 156. 
artificial, raw materials for making, 
122 , 

Chardonnet, 123. 
classification of, 116. 
dyeing of, 155, 166. 

-fibroin, analyses of, 117. 
filaments, cylindricity of artificial, 
121 . 

viscose, 122, 123. 
weighting of, 117. 

Sillimanite, use of, in plant Construc- 
tion, 10. 

Silumin, 239. 

Silver, metallurgy of, 236, 

Sizing, colloid chemistry of rosin, 
147. 

materials for yams, 123. 
of yams and fabrics, 161. 

Slag, basic, as a fert^ser, 366, 367, 
370. 

Slaughter-house waste, working Bp 
of. 474. 

Smelting, electric, 232, 234, 246, 248, 
259. 

Smoke alatement, 14, 15, 40, 164, 

m, 

cleansing of metallurgical, 235. 
washihg, 165. 

.Joap, synthetic rawt materials for 
maldng, 273. 

Society of Dyers and Colourists, 84, 
121. * * 
Socwtyi<^^G^«^^hnology, 184, 186, 


Sodium carbonate, hi#«^ d, 165. 
03 ^de proc^ of uing niteUgen, 
^ 169.* • 

* metal, production of, 263. 

“ pitrate, 162. * 

.. nitrate, ^clean producticn of, 362. 
nitrate, recovery off from caliche 
by froth flotation, 10. 
oleate, use of, in de-sizing textiles, 
125. * 

silicate as an ad^sive, 181. 
silicofiuoride as a fungicide, 313. 
Soils, action of alkaline, on irqn, 228. 
analysis of, 379. 
biological examination of, 382. 
colloids in, 378. 
effect of sulphur on, 376. 
moisture of, 377. 
partial sterilisation of, 383. 
reaction of, 378. 

water-soluble constituents ofr 378. 
Solids, dispersion of, 6. 
Solventsjfrecovory of, 6. 

Spelter iftdustry, 234. 

Soya baan oil, 279. 

^ilanthol, 604. * 

I !!^)irit, motor, refining of, 80. 
6"ptrohydantoin8, preparation of, 601. 
Squalene in^fish-liver oils, 280. 

SquiU, toxfc principle of, 496. 

Starch, 431. I 

degradation^roducts of, 132. 
do|:ermmation of, 418, 438, 465. 
manufacture of, 412. 

-splitting enzymes, 124. 
Steam-geneAtion by electricity, 7, 
270. 


hydr(m(ie, eleefeolytio manu- 
I'm « 


-pijje coverings, efficiency of, 12. 
Steel, calcium silicide as a deoxidiser 
of, 266. . 

constituents of carbon, 227. 
corrosion of, 228, 486. 
electric, deoxidation and desgl- 
phurisation of, 252. 
electric 'furnace, 246, 252, 264. 
manufacture, 220, 221. 
metallography of, 225. 
microscopic stmeture of, 226. 
nickel -coating of4233. 

^ nickel, manuiacture of, 222f 
open-hearth, 220. 

, ‘physical properties of, 223. 
physical tests for, 224. , • 

productionnf, in United jKing' 
doll, 21u *# « f 

“ stainless,’* ruse of, in plint 
I, 8truction,\l. 

, tool, produotlbn of,_,in 

furnaces, 266. - ^ 

Sterilisation of milk, 462, 
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tpparatus Jtor icaU- 444. • # * 

42S. * • * Sn|)erpJioBphat©s%9 fertil^rSi 36d. 

I shtimpB, 449. • ^^tening agent 601. r 


Stone, p!^Bervjgii<Af of, 209. , Si 

Storage apj^ratus ^or icaU. 

brating, 9, 177, 428. , ^ 

Struvite in canned shrimpB, 449. • ^ 

Straw, production of organic manure 
frt)m,374. ** M 

rye, use of, in p^er making, 140. 
Stream ^pollution in^t^e Unifcd • 

States, 476.^1 ^ 

Strophanthin, 495. 

Sugar, beet-, industry, 898. 
beet juice, b^^ling to gram, etc., 

beet juice, clarStbation of, 402. ' 

beet juice, evaporation of, 404. 
beet^juioe, extraction of, 399. 
boiling to grain, 396. 
cane juice, clarification of, 387. ^ 

cane juice, evaporation of, 393. 
cane juice, extraction of, 385. 

-cane refuse, conversion of, into 
pulp, 144. 

cane syrup, clarification of, 396. 
^ntrifuging and finishing, 298. 
comparative sweetness of |jane and 
beet, 457. ♦ 

deoolorisation of, 408. ^ 

industry, 384. 

refining, 408. -i oui ► 

Sulphates, estimation of, m so'l, ^»i. 
Sulphate compounds, organic, 93. 
Sulphide dyes, azo coloifts witl^the 
properties of, 98. | 

Sulphitation of sugar jiicos, 

Sulphite liquosi, combustion of, ^145. 

nature and use of, 145. • 
Sulphonation, 85. 

of phenols, 86. • 

Sulphur 08 a fertiliser, 375. ^ 

burners, 182. 
deficiency of, in soil, 377. 
dioxide, absorption of, 6. 
dioxide, detection oi. In food, 4ob. 
estimation of, in rubber, 331, 332. 
forms of, in rubber, 331. 

In coal, 31, 33. 37, 40, 62. 
new deposit of, 182. 
removal of, from oils, 77. 
solubility of, in rubber, 322. 
trioxide, action of, ^n castmgs, 

U8e.^.nf« in maWIag sulphuric acid, 

dulphurio acid mafiufacture by the^ 
contact process, 183. 
mmng<cf, Jirith nitrinacid, 177. 

output oL 181. I .A - 

plantT supply of nitrogen oxides for, 
175. / ^ 

United ICingdom autput of,^ iW; 
Sulph^jryl cWoride as*a ohlorinatmg ^ 
agent, 89* 


Sunlight}, effect of, on oases of rickets? 
444. a • 


Switzerland, dyestuff mdustry ki, 86. 


Xan liquors, cJllour and acidS,> of, 
347. 

plumping power of, 347. 

Tanks, storage, calibration of, 9, 177, 
428. 

Tannage, mineral, 350. 

Tanning, 33^ 346. 
chrome, 336, 338, 350. 
colloidal tlfeory of, 355. 
materials, 346, 448. 

Tannins, analysis of, 348, 352. 
chemistry of, 338, 356. 
colorimetry of solutions of, 362. 
synthetic. 335, 338, 349, 351. 

Tar acids, determination of, in road 
drainage, 476. 

distillation of, 12, 68 • 

electrostatic precipitation of, 270. 
low-tomperature, properti^ of, 70. 
low-temperature, yield of motor 
spirit from, 28. 

* preparation of lubricating oils 

from, 70. 

preparation of road, 69. 
Tetrahydronaphthalene, derivatives 
of, 91, 92. 
nitration of, 87, 92. 

Textile industry, German research 
institute for the, 107. 
science in the, 149. 

Textile Institute, 108, 117, 149. 
Textiles, bacterial defects of, 126. 
de-sizing of, 126. 
finishing of, 100. 
printing of, 159. 
proofing of , 1 60. 

treatment of, with diastases, 124. 
waterproofing of, 310. 

Therm system of charging for gas, 
38, 63. 

Thiazine dyes, 98. 

Thinners, rate of evaporation of, 306. 
•riiiocvanine, 104. 

Thitsipl, 293. 

<' Thyroxin, 493. • 

Timber, research on cask, 425o429, 

* Tin, adtion of foods on, 447. • 

metallurgy of, 233. 

Tineola 115. 

TintometA. daylight lamps for use 
with the, 438. 

Titanium 5xide as a paint pigment^ 

* • 207, 298. ‘ 

Toad venom, chemisHry oi, 494. 
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\o\a.ea©, cmonnation oi, 88. * 
nitration 86. • 

Town gas, aalo of,»W/ tho therm, 3^. 
Triarylmetnwie dyes, 93. • 

Trihexosan, 133. 

Trisazo dyes, neW. direct, 96. 
Tropinone, syn^het^s of, 490. 

Trypan red, 505. 

Tryptophane, cstimaKon of, 443. 
Tung oil, 286, 287. 

Timgsten, grain growth in, 241. 
Turpentine, dekalin as a substitute 
for, 307. * 

sjuithetic substitutes for, 315. 
Typha domingonsis, pul[»ug qualities 
of, 144. 


U. 

Ulmins, 30. 

Urea as a fertiliser. 1(59, 365. 

manufacture of, 364. 

Urushiol, 293, 505. 

Uniteil States, dyestuff industry in 
the, 85.^ 

petroV'Ura situation in tho, 73. 
potash production in the, 372. 
stream pollution in the, 476. 
United States Bureau of Standards, 
66, 332. 

United States Paint Mahiifaeturors’ 
Association, 282,-3.()'^ • 


V. 

Vanadium compoimds as driers, 286. 
compounds in therapy, 507. 

Vanillin, preparation of, 4911. ' 

Vapour pressures, 12. 

Varnish, clarification 304. 
consistency of, 306. 
detection of driers in, 307. 
durability of, 306. 
industry, 282. 

protective value of, 300, 301. 
purchase specifications for, 305. 
resin, causes of turbidity in, 305. 

“ sanding ” of, 305. 
stoving of, 305, 306, 
synthetic, 315. . 

ifeests fotkthe hardness of, 305. 
yie4d value of, 302. 

Vat dyes, 100. ‘ 

application of, to wool, 156. 

Vinyl chloride, photof)olymerisation 
of, 316. 

Viscose silks, 122, 123. 

Vitamins, 437, 443. «• 
antineuritic, 437. 
effect of, on fek mentation, 435. 


fat-soluble A, 27!}, m ^ 
fatWlpble A in cod-liver oil, ^279. 
fat-sbluble origin of, 446. 
•fat-solublo A, synthesis of, by 
plafits,' 444. • 

#• in fish-livof fiils, 279, 280. 
in flour, 446. ^ 

tvater-soluble B, 437. 

Vitraiii, 3/. 


W.« 

Warble fly, 338. 

Water, action of natural, on lead, 486 
chlorination of, 481, 482, 484. 
corrosion duo to, 483. 
domestic heating of, 66. 
filter plants, dosing of, 485. 
filtration and sterilisation of, 484 
486. 

industrial waste, purification of 
474. 

purification of, 460, 481. 
radioactivity of, 487. 
removfl of algae from, 484. 
removal of iron from, 484, 486. 
ream !-cea, utilisation, of, 7, 

^ softening of, 483, 486. 
standard for drinking, 462. 
supply, 460, 480. 

supply, <fcfi"ect of, on vital statistics 
*483. . 

Water-Power Vlesourcos Committee, 
\ 25, 487. , 

Wat^rprof/fing fabrics, 128, 160. 
paper, materials for, 142. 
use of rubber latex for, 310. 
use of vulcanised rubber for, 317. 
Wax, cotton, 111. 

Waxes, synthetic, 281. 

Whey, utilisation of, 454, 472. 

Wood, 140. ' 

balsa, as a heat insulator, 9* 
cellulose, 145. 
distillation industry, 439. 
protection of, by paint, 301. 
pulp, 142. 

-pulp liquors, utilisation of, 474. 
pulp, mecl^piiical, 143. 
pulp, sulphate, 143. 
pulp, sulphite, li2. 
substitute for, 209. 
use of, in plant oanstruction, 10, 11. 
Wool, 112. 

characteristics of, 11 Br «. 
chemjjcal ccTistitution 114i 
chlormation of, 116. 
dyeing of, 1^. 

Auprovement oi physicel oharoCtere 
* of, 114. ^ , 

physical properties of, U3« 
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so»uriii^f» 1 14, 149. » 

• separation of, from 116. 

Woollen ai^. Wc^rsted Ind^tries,, 
British K-esearch Asfipoiation for, « 
. ir2, 114, 160*^" 

Wort, flocculation w. 418. 

treatment and production 1118, 
423. ^ 


X-ray* exar2[ination of animal and 
vegetabkui)roducts, 132. 
spectrosooj^of iron, 227 
Xylan, chemistry of, 142. 

Xylose, chemistry of, 142. 


Y. 

Yam, de-sizing of, 124, 
physical testing of, 126. 
sizing of, 123, 161. 


Yeast, degeneration and detenora- 
tio^ of, 435. ^ 

^ growth of.'434. 

nitrogenoii . Autridnts for, 436. 
separation of, from beer, HI 6. 
vitamitJiP of,H37. 
zymase format^im in, 434. 


Z. 


Zinc -aluminium alloys, 242. 
blend*, calcination of, 182. 
electr(^tic, 234, 245 ‘>60 261. 
filectro-rnetallui’gy of, 259. 
inetalhugy of, 23^. 
ore, electro -thermal smelting of, 
2.34. 

-plating, 265. 

Zmgiborene, 496. 

Zyir»ase formation in yeast, 434. 




ADVEE^BME^. 


ui & 


W.J.FSASER 

* • “ * AND CO., LTD., ' 

Chemical Engineers, 
DAGENHAM, ESSEX. 

* I 

Machinery and Plant designed, 
manufactured and erected for 
Chemical Factories.^ 
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Telegrams: “ FORMULA^. LIVERPOOL." 'Phone: 5^*CEWRA4 

■HIE" UNIQUE ’’.MKER. ’ 

• PROVISIONAL PATENT NO. 9725/1923 VEITCH)' . 

'* for. 

Ointment^, Face ^Creams,* Soap and 
Other Material. 

PERFECT MIXING AND INCORPORATING 
INCREASE OUTPUT AT LOWERMOST. 


IMPROVE FINISHED PRODUCT. 



Steam 

Jacketed 

Enamelled 

Pan. 


Agitating 
Gear» 
Nickel 
Plated. • 

Machine 
I Cut 
Totally 
Enclosed 
Gears. 


Removable 
Stirrer Gear 
• for 
Emptying 
and 

Cleaning. 

Self-acting 

Scraper 

Gear. 


Reversible 

Drive. 


SPECIAL FEATURE ; 


STIRRER & SCRAPER GEAR SUPPUHD TO SUIT OWN 
PANS IF NECESSARY. » 

. MODERNIZE OLD METHODS. 

•-MACHINES RANGING FROM 5 TO 100 GALLONS. 
DEMONSTRATION MODEL FOR OWN MATERV^., • 

Write for particulars — ^ $ I « . . 

ROWLAND^N (ENGINEERS), LTD., ; 

21, DALE STREET, ‘UVERPOOL 

Grinding ^^nd filling Machines. General Soap fHtnt. 





1*1 1*1 1*1 1*\ I 1 1“* *i*“C 

I* 


CaS *Car ThodacU _ 

BenxoU ^ 

roifuo/c £ 

Soheni Naphiho ^ 
Craotole OlU 
Creaat Oils f 
Oii fvt Oitxl Engine* 
Cario/^ Acid , 

Dark Cfeiylic Acid ^ 
Granulated (Crude) and 
Sublimed NaphtbMlene 
Pyridine 

Anthracene \ i 

Refined Tar 

Pitch 


Am monia T^rodudt I 

Sulphate of Ammonia 
Dry and Neutral I 

C u e r en l^ *» emntalt* ml W»l| 

2M Mf tmnC, Mmmmctim | 


Intmnediatee for T)yea 

Beta Napbihot 
Alpha Naphthylamint 
Beta Naphthylamint 
I N^thioaic Ada 


Sulphite of Ammonia 

Monmhi^rmltd Suiphttt t) 
Ammonio 

Muriate of Ammonia 
Ft» taleanlUnt purpmm 
Ammonium Chlori^ 
Smclaib prtpered /•» •« 
Meal iaatfg purpoM* 
Ammonium Polywlphide 
Concentrated Ammonia 
Liquor 

Liquor Ammonfo 


Heavy I norgantc Adda 

Sulphuric Jldd 

of all Slrenglhs 

Other Inorganic ProducU 

Oxide of Iron 
Far tha parifitattan at fo> 
imanafaslur^ I" JiJftraa* 
grade* Ip tenform aUh eon- 
tnt Purifskt 
Pure Hydrated 

Oxide of Iron 
Sodium Sulphide 
Far wuiphur and 

deptiatarie* 

Ferric Sulphate 

SuttaUeo* a uwage mrectpUorJ 

Copperas 

S^ium Hyposulphite 
Glauber's Salt 
Salt Cake 
Nitre Crdte 


pgtmfutBtt* kq 

Siratli jlUtropolilBn ®as ttoropanij, 

^ 70« •U> «flSl ' '*• 




telfirljmu : 
gLOa ftrsn 

sqoo. 
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TRADE MARK. 


Dyestuffs for the dyeing . 
of all classes of : 

COnON. WOOL. 

SILK. ARTIFICIAL SILK. 

PAPER. LEATTie?. 

FURS. JEATOERS. 

STRAW. JUJE. * 

COLOURS FOR FOODSTU/FS. 

FILM COLOURS. 

FINE CHEMICALS FOR . 

research work. 

INTERMEDIATE PRODUCTS. 
LEATHER SPECIALITIES. 

MEDICINAL CHEMICALS. 
MICROSCOPIC STAINS. 

OIL. SPIRIT. AND WAX COLOURS. 
PHOTOGRAPHIC CHEMICALS. 
RUBBER ACCELERATORS. 

Samples and Prices on applicayon to : 

BRITISH DYESTUFFS 
CORPORATION, LTD., 
70, SPRINC; ^ARDENS, MANCHESTIR.* 

Eranches : Belfast, Bradford, Glaif 9W, Ldce^, London; 

• * 
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Chemical Works Regulations, 1 922, Nd. 731. 


RESPIRATORY APPLIANCES 


- OF ALL DESCJUPTIONS 

to meet the requirements 
of the above regulations. 

^ Self-Contained * 

BREA1MGAPPARATUS 

/ ff jLW, work in confined placed 

apd in atmospheres deficient <in 
\M^ oxygen. 

^W'SMOKE HELMETS 

, of all patterns. 

• A 

RESPIRATORS 

for use in known poisons. 

OXYGEN RESUSCITATION 
APPARATUS 

for the apparently 
asphyxiated. 


^ lEBt GORMAN & Co., ltd., 

187, Westininster Bridge Roadi London, S«Es 1. 

Telcg^afM: Lamb, Lond^f Telephone No. Hep 3A01 (2 lines) 
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Tub^ ]Vfflls OP Ball 

Mills ? 

I N addition to a tef.Knical staff compeien^o aavise 
on this and other crushing and grinding problems, 
Edgar Allen find Co., Ltd., offer a fully equipped 
experimental p(^i\t for engineers to carry out practical 
tests with their owfn materials. Send details of your 
problem, or study the brief descriptions below and 
write for literature. We can probably help you to 
I answer the question above and also tC' get higher 
outputs. 

*SSag’*Tube Mills ^For fine grinding, 1 

either wet or dry : charged with flint pebbles or stedi balls. 
Supplied in sizes from 12 ft, long x 3 ft. in diameter to 30 ft. 

I long X 7 ft. in diameter. 

! 'Stag’ Ball Mills ^ Continlous feed and I 

j discharge. For wet or dry grinding, with or withoi^ sieves, 
j Material up to 7-inch cube can be fed fca the largest mill. 

I Supplied in sizes from 26'^ diameter of drum to 122^^ diameter 
; of drum. %• 

! 'Stag ’ Pulverizing Cylinders 

For grinding in dry or wet state to a fine powder or slime. 
Lined with hard cast iron or Edgar Allen steel plates. Qther 
linings provided where necessary for chemical reasons. 
Supplied in sizes from 18" diameter inside shell to 72" diameter 
inside shell. 


'Stag ’ Combination Tvjbe Mills \ 

For the combined work of preliminary and fine grinc^ng. Take | 
the place of separate baV and tube mills. Supplied in sizes, i 
.from 46-ft. long x 4-ft. diameter \o 40-ft. long x 7ft. diameter. 
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S. H. Jolinson ^ €o 

•ENGIJVEERS. 



C4RPENTER’S.;iOAD, STRATFORD, 

LONDW, E.15. 


Teleprrams : , „ „ 

“FUtrum, Pho»e, London. 


• Telephone : 

Maryland 1229. 



KBPORTS OF THE PR 


OF APPLIED CHEmSTEY. 


E y R.£ X 

' Laboratory ' . 
Glass 

. Z' 

The low expansion coefficient makes it possible to make 
Pyrex beakers aifH flasks with walls slightly thicker than < 
usual. This gre^y increases the durability of the vessels 
without diminishing the resistance to sudden heating and 
pooling. * 

The greatest economy in laboratory practice is 
possible only through the use of Pyrex w£^re because 
of its great resistance to heat shock and its incompar- 
able mechanical strength. 

For Price LUtt and all particul^r$f write: 

99 Hatton Garden, 

LONDON, E.V;. 1. 


F: tRXUFFLER,^ 


CHEMICAL APPARATUS, CHEMICALS^ Etc. 


SPECIALITIES : ' 

ANALYTICAL BALANCES CLEANED & ADJUSTED. 
ELECTRICAL INSTRUMENTS REPAIRED. 


Contractor to the Britith and Egyptian Goternmentt, India Office, 
Principal Educational Authoritiec, Etc. 

ILLUSTRATED CATALOGUE FREE ON APPUCATI ON. 

W. B. NICOL'SON,. 

^ Scientific Instrument Maker and ^Laboratory Fufnisher, 

166 a Bath l^tre^, GLASGOW * 

(Wofks:\123 Sauchiehatt Lane)^ 

EsUblished 1898. \ 

TeI<q>hone: DougMis 17 ^ 9 . TelegAHns: " Scientiftc# CUasjow,^ 
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' JAMES UYINGSTO/LiA 


* * EstatJlished 1890. 0 


• -CONSULTING SPECIALISTS 

. VA^UM DRyUnG, giving, 
SOLVENT RECOVERY, BY-PRODUCTg 
and CHEMICAL PLANTS. 


COMPLEtlE INSTALLATIONS 

undertaken. 

Designed.*" « SuppKed. Erected. 


“DEVINE” MACUUM DRYEE^. 

“ FORPLEX” combined grinding & SIFTING MILLS. 
“ P. & K." LIQUID GRINDING MILL. 


All communications to HEAD OFFICES : 

Imperial House, Kingsway, London, W.C.2. 

.r- VI Telephone: — 

. ■•CIN^*ARTi LONDON” . REGENT 789. 

’ Cod.. = -\B.C 5.h. BjntlV Union-UmycrMl. 

TOWN. JOHANytSIVRC. *«•" 

• • 

Experimental Gylfdiiig Stations— .11 Koai 

88,Sl.JolgiSt.,E.C. TV-phona ; C l.rk«i>wJ1^89ai. 
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h/mgt 6M BUbs., LTD., 

4, OLIVERS Y/!cRb,'ClTY «OAD, . 
LONDON, E.C.I. 

Telephone: . .Telegram*:* * 

Clerkcnwell 1007, 1008.* “ Siccative, Finsqua^>London.” 

Manufactory: 
y. CORK. 

* Chemic als for Analysis and Research. 

Technical Chemicals for all Industrial Purposes. 

__ _ — ^ 

. Photograpluc Chemicals. 


Price List 

free on application. 


Enquiries 

solicited. 
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BABCOCK'^ WtLeOXrati 

^ • v** PATEP^ * 

WATER,-TUBE <5TEAM TOILERS. 

Over 22 , 800.000 h. p. 

Lcuid T3rpe and Marine Type supplied or on Order. 

Over 2lOO,OOOh.p. ^ 

jpstalled in connection with 

Chemical Industries 

«) ' 

Also Makhrs of *^«Express *' Type Light*weight Boilers. 


BABCOCK & WILCOX BOILEIRS are constructed to suit all 
conditions of working, and they can be fired with any kind of 
fuel. 

ALL BOILER HOUSE ACCESSORIES. 


t Telegrams : . Telephone No. : 

“ Babcocj^ Cenh London.” HEAD OFFICES : J City 6470 (8 lines), 

OMEL HOUSE. FARRINOOON STt, LONDON, EGA 


Branch Work.s 


Principal Work.: RE{IFH£;W, SCOTLAND. 


Dumbabton, Scotland; Oldbury, England; also in Italy, 
Australia and Japa^*. 


“POSTLIP” 


(No. 633 MILL) 


English Filter Papers 


WHITE AND GREY, Filterings for 

Laboratory W 

AND EMBOSSED. in quantities for all 

All lizes in Square., Circlet Industrfal PurpOStS, 
and Folded Filters. , S« RrMt dAn. ■Md.biTlM 

^ I Nsti<»drPimicd Lsborstonr.i 

Rail. 5adc to order. ^ 

• - • ^ 

MANUFACTURED IN ANNUALLY INCREASING QUANffTUti^ i 
FCW llfWARDS OF 50 YtARS.* •• f 

■EVANS, ADLARDi 5 e>.C 0 .,lJMJl^/ 

K)^P MILLS. WINCMCOMBE. CLOS. ' 


ADVBBililSMEMTS. 


XCIKOTO ^B£Sf,.LTP« Morleyrnieaj 'Leeds. 

^ ^ Works cover alres). • 

Actual Klakers of ;«»£lASSWA^ hSat •resistiii^ and*|themical^»rc, 
and for all lighting purposes. 4 ^ 







Electric Lamp Shades, AcCumu> 
lator ^rs or Boxes, Lamp 
Chimneys, Arc Lamp Globes, 
Miners’ Safety Lamp ^l**®*®" 
(Oil and Electric), Well 
Glasses, Bulkhead Grasses, 
^ etc., etc. 



COLD HARBOUR, POPLAR, LONDON, L 14, 

and at 

• READING ENGINEERING WORKS, READING. 

E stablished in 1829, have st^diiy 

specialised in Mixing and Grinding 
, Machine]^, int which they claim to have 
’improvements, patent^ and unpatented, which 
SAVE LABOUR, INCREASE OUTPUT, and* 
Il^f^OVE PRODUCT. , • 

Maker* of tl««elArated “HELIX” P5‘«“f. J"P>! 

Mills, Patent rtsitivc Drit€n IMge Runner Mills and Patent 
^ • # Improved rilterprcsses. • 
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REPORTS OF THE rB()ORE.% OF APPLIED CHEMISTRY. 


JOURN^ OF THE SOCIETY OF Cj;IEMICAL Ifft>I#9TRV 

CHEMiSJFhf INDUSTRY 

•' P uhlished^erf Friday ^ f — 

reaches directly the desks or homes of Directors, Works 
Managers, Chemical Engineers, Chief Chemists, Consultants, 
and others in a position to place or influence o^rs. 

4tm 

Appeal ^to the Chemical and Allied Industries by advertising 
jegularly in the Socfety’s weekly Journal. 

Advertisement rates on application to the 
Advertisement Manager: 

• ^ SOCIETY OF CHEMICAL ^NDUSTRY, 

• 46, Finsbury Squarf, ^ 

Londo^, E.C. 2. 


Annual Reports , 

OF THE ' 

Progress of Applied Chemistry 

Earlier Volumes of these Reports may be obtained 
at the following prices : 

To Membarm. To Non-Me m bar t . ' 

Out of Print. 


Vol. I. - 

II. - 

III. - 

IV. •- 

V. .. 

VI. - 


4/6 
5/6 
. 5/6 
vB/S 
7/6 


7/6 

no/6 

M2/& 

15/0 

12/6 


SOCIETY, of .CHEMICAL INDUSTRY, 

CENTRAL HOUSE. 46. FINSBPftY SQUARE. jLONDOH, £.(^2. 
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i Mm hooks 

• • Ofl APPLIED CHEMfilH. ’ 

' \ * ' k ' ‘ zl:z=z. 

• KOI. nr(,6lli BduioH). JUST PUBLWHED. 

CHEMICAL TECHNOLOGY AND ANALYSIS OF 
OILS* FAffS AND WAXES 

By Dr. ijj^LEWKOVVITSCH. ^ Illustrated^ 3 Vols. Vol. Ill (contains 
Subject IiT<W|c of the whole edition). Sixth Edition, entirely revised by 
GnORGt H. WAKlJt'RTON. 36s. net. 

•♦•Previously published. Vol. I. Sixth Edition. 36%^ net. Vol. II, Sixth 
^Edition. 42.S. net. ^ 

DISTILLATION PRINCIPLES AND PRPCESSES 

By SYDNEY YOUNG, D.Sc., F.R.S., with tin* collaboration o ' Lient.-Col. 
E. Briggs, li.Sc., T. Howard Butler, M.Sc., F.I.C., Tbos. H. Durraw^, 
M.Sc., F.I.C, the Hon, F. R. Henley, Jas. Kewley, M.A., and josejih 
Reilly, D.Sc. With 210 Illustrations. 40s. net. 

ALCOHOL : ITS PRODUCTION, PROPERTIES, 
CHEMISTRY AND INDUSTRIAL APPLICATIONS: 

• With Chapters on Methyl Alcohol, Fusel Oil, and Soiritugus* 

Beverages. I 

By C. SIMM ON DS, B.Sc., Analyst in the Government LaUBrator^, London. 
Illu.strated. 21s, net. ^ • 

THE ?RINCIPLES OF THE PHASE THEORY. 

Heterogeneous Equilihria between Salts and their Aqueous 
Solutions* 

By DOUGLAS A. QLIBBENS, Ph.D., Lecturer in Inorganic and Physical 
Chemistry in the Universify of London (King’s College). Illustrated. 
2.SS. net. ■ 

^ SECOND ^EDITION REVISED. 

THE MANUFACTURE OF INTERMEDIATE 
PRODUCTS FOR* DYES 

By JOHN CANNEIX CAIN, D..Sc. (Manchester), Editor of the “ Journal 
of the Chemical Swicty." With 25 Illustrations. Second Edition Revised. 
10s. net. 

THE MANUFACTURE OF DYES 

By the late JOHN CANNELI. CAIN, D.Sc. 12s. 6d. net. 

THEORETICAL CHEMISTRY, from the Standpoint of 

Avogadro’s Rule and Thermod3mamics. _ 

By Professor WALTER NERNST, Ph.D. Fifth Edition. Revised in 

• accordance with the latest German Edition by L. Codd. Illustrated. 28s. 

net. [Immediately, 

ADVANCED COURSE OF INSTRUCTION IN 


CHEMICAL PRINCIPLES. 

By A. A. NOYESwand Prof. M. S. SHERRILL. 18s. net. 

A TEXT-BOOK OF INORGANIC CHEMISTRY 

By T. MARTIN ioWRY, CB.^., F.R.St, D.Sc. Illustrated, jfs. net. 
* SECO^WD EDITION, REVISED AND ENLARGED. % 

DICTIONARY OF CHEMICAL SOLUBILITIES: 

Vh.T). 638. net. • . 

**♦ Send for h^millan’s Cla^^fied Catalogue, pdst free ot? application. 

* SI’ACMILfcAN' & CO..*tTD;, LONDON, Vii.C.2. 
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SOFNTOL ;&UPE|i-LIME/:SPECIAJ.ITIES 


iiinfinimtirniniinm ■: 


Sofnol Brand Producti result rrom cur speciaUsa^A 
lion on lime for feneral chemical purposes, and 
especially for use in water treatment. 

Calcium Hydrate 

(Sofnol Brand) dry powder of fixed composi- 
tion. Its purity, stability in air, and convenient 
mechanical state maK^ it ideal for use wherever 
hydrated limt is «required.^ 

Lime-Soda mixtures for 

water softening. We make these specially 

to suit individual water supplies. Our mixtures 
elisrinate all mess and waste, the chemicals being 
ready mixed in the right proportions and fully ifitjve. 

AC ^7 

Apparatus & Rea^eHts 

for water teiting. These ensure the accurate 
analytical control of water supplies, with the minimum 
of time and trouble, and they are equally applioab{^ to 
any system of water treatment. ' 

The diagram illustrates our syphon burets. Th 
standard solution is contained in the large reservoir, 
and, when the pump bulb is actuated, automatif.dlly cymrk 
fills the burette and sets to the zero mark. 


Soda-Lime 

Sofnol Soda*Llme is of the highest porosity. It is 
prepared in a full range of grades, with and without 
added cathlysts, for every industrial and laboratory 
purpose. 

SOFNOL 

UMITED, 

WESTCOMB& HILL A 

• GREENWICH, S.E. fO, 

( . Telephone: Greenwich 90. ' 

Teleg.: ** Softerialsf* Westcombe, London, 













